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The Cambro-Ordovician Formations and the Faunas of South Chosen 
Part IV 


By 


Teiichi KOBAYASHI 


PREFACE 


South Korea bears intimate tectonic relationship with North Korea, 
South Manchuria and North China all of which belonged to the Hwang- 
ho province in the Palaeozoic era. It is recognized, however, that the 
faunal aspect of South Korea is intermediate between those of the 
Hwangho basin as well as the Yangtze basin covering Central and 
South China. The Yokusen geosyncline which occupied the northeastern 
part of the Yangtze basin, crosses South Korea diagonally. The Reinan 
land on its southeast side extended into Fukien, and the Keiki land 
on the other side into Shantung. Along the south side of this land 
the Yokusen sea was sometimes conflunent with that of the Hwangho 
basin. Therefore the stratigraphy of South Korea is of more than 
local value. In fact a key to the Ozarkian problem was found in 
South Korea, because in the Ordovician period the Hwangho basin 
formed a large zoopalaeogeographic province with North America and 
the Arctic region whereas the Yangtze basin was united with Europe 
and Australia in another province. 

The Tsushima strait separating the peninsula from the Japanese 
islands lies on the tectonic boundary between the continent and the 
festoon islands. In the Cretaceous period there was the Tsushima 
basin around the strait. The Kyongsang group deposited there is a 
link in geology between Japan and Korea. The Cretaceous and later 
formations are, however, the blankets on the fundamental frame of 
the geological architecture which was instituted by the older Mesozoic 
Shorin and the younger Mesozoic Taiho disturbance. This frame work 
was precisely analysed in the Kogendo limestone plateau which occupied 
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the northeastern part of the Yokusen zone. There is a remarkable im- 
brication which is in some way similar to the structures of the Scottish 
highland and the Appalachian mountains, but the Yokusen imbrication 
has its own characteristics. The eastern part of the plateau is essenti- 
ally different from its western part, because the former belongs to the 
Reinan massif. 


The igneous activity accompanied by the Taiho disturbance, especi- 
ally the invasion of the Chugoku batholithic granite, extensively con- 
solidated Eastern Asia. Subsequently there took place its fragmentation. 
One of its products was the Korean peninsula. As shown by its backbone 
range close to the sea of Japan, the peninsular outline was introduced 
by faulting and asymmetrical upwarping. The fault mesh in the former 
stage of fragmentation was analysed in great detail in the eastern 
plateau. The backbone range was previously thought to have been in- 
troduced by faulting, but later investigation has shown that the present 
topography depends chiefly upon the geanticlinal upheaval after the 
faulting. The faulted blocks are beheaded by the high peneplane which 
was named Roppyakusin after its clear-cut remnant on Mt. Roppyaku 
in the eastern plateau. The two cycle mountains of Korea are typically 
shown in the cross section through the plateau whence the high and low 
planes were traced into Manchuria and Japan by later researchers. As 
seen in the topographic map the peninsula together with the Riukiu 
islands forms the are of Peri-Tunghai, i.e. the periphery of the East 
China sea. The tectonic elements of this arc are aligned en échelon. 
In Kyushu the are is joined with the are of Japan in the shape of T. 

Thus South Korea, or the limestone plateau of Kogendo in particu- 
lar, provides one of the crucial points in the geologic history of Eastern 
Asia. The more important subjects to be dealt with in the plateau are 
as follows :— 


1. The development from the Yokusen geosyncline to the orogenic zone. 

2. The fragmentation of the Reinan massif into blocks. 

3. Another fragmentation along the Korean are subsequent to the late Mesozoic 
granitization. 


4, The topographic development of the two cycle mountains. 


Special attention is paid to (1) the growth of the embryonic folding, 
(8) the differential deformation with regard to the competency of for- 
mations in the Yokusen zone and (8) the remarkble Schuppenstrukturen at 
the two southern corners of the Chuhosan block in the eastern plateau. 
In addition there are several topics of special interest. In the tectonic 
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consideration it is especially noteworthy that (1) the limestone plateau 
covers the geosyncline and a part of the Reinan massif and (2) the 
Cambro-Ordovician Chosen group and the Heian group, from Moscovian 
to Lower Triassic, are separated by parallel unconformity where the 
former consists largely of limestone whereas the latter is mostly terri- 
genous. Accordingly the two are quite different in plasticity. The 
Triassic embryonic folding brought forth the Bansho lake in the Yokusen 
zone. The Bansho series is the lacustrine sediment and the variation of 
its basal conglomerate enables one to figure out the palaeogeography in 
great detail through lattice analysis. Mt. Taihaku is one of the highest 
summits in the backbone range. The standard sequences of the Chosen 
and Heian groups were established in its vicinity. While their facies 
and thickness change greatly towards the west in the geosynclinal zone, 
the change is slight toward the east. Accordingly these sequences make 
it easy to decipher the faulted mosaic along the coast of the Japan sea. 
The high Roppyakusan plane cuts this mosaic. The marginal peneplanes, 
broad in the west, but very narrow in the east, reveal a strong contrast. 
They are the two principal topographic factors controlling the life and 
culture of this nation. 


The principal aim of this paper is to describe the geology of South 
Korea with special reference to the Kogendo limestone plateau and dis- 
cuss the history of its tectonic development. But discussion takes its sur- 
roundings also into consideration as well as general tectonic problems. I 
began this study in the spring of 1926. NAKAMURA’s paper on the Ordo- 
vician system in Korea (1924) and YAMANARI’s on the imbrication of 
Kogendo (1925) so stimulated my interest that I took up the study of 
this uncultivated land as the subject of my graduation thesis at the 
University of Tokyo. A survey on the Cambro-Ordovician sequence 
near Mt. Taihaku' in the spring was followed in the autumn by a recon- 
naissance through Heisho, Neietsu and Girinkitsu to see the imbrication. 
Subsequently investigations were carried out through four stages. 
Until 1931 studies were made on the stratigraphy of the Chosen system, 
the palaeontology of the Ordovician nautiloids and the geomorphology 
of Korea. At the same time surveys were made in several Eo-Palaeozoic 
areas in North Korea and South Manchuria. 

In September, 1931, I left Japan and stayed at the U.S. National 


Museum at Washington, D.C. until May, 1934. My Cambro-Ordovician 
palaeontological study was then greatly improved with suggestions by the 
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late Mr. E. O. ULRICH, the late Dr. A. F. Forrste, Dr. R. S: BASSLER, 
the late Dr. C. E. Ressrr, Dr. J. BripGE, Dr. E, Kirk, Dr. G. A. COOPER 
and other specialists. It was a great help to see WALcoTT’s Cambrian 
collection. During my trips in summer, 1932, and in autumn, 1983, I 
received valuable criticisms from the late Prof. ScHUCHERT and Prof. C. 
D. DuNBAR of the Yale University, the late Prof. P. E. RAYMOND of the 
Harvard University, Dr. R. RUEDEMANN of the N. Y. State Museum at 
Albany, Prof. B. F. HowE 1 of the Princeton University and several other 
geologists and palaeontologists. It was my privilege to take part in an 
Appalachian excursion after the closing of the XVI International Geologic 
Congress at Washington, D.C. The four months’ pilgrimage through 
the museums and institutes in Europe gave me opportunities to make 
observations on various type specimens including those by DAMES, FRECH, 
MonkKE and LorENz through the courtesies of Prof. H. STILLE of the 
University at Berlin, Prof. O. H. SCHINDEWOLF, then a member of the 
staff of the Preuss. geol. Landesantsalt, Prof, W. SopRGEL of the Uni- 
versity at Freiburg i. Br. and others. 


Since my return home in the fall of 1934, I busied myself in the 
tectonic research of West Japan with my students, but in 1938 I began 
to resume my investigations on the continent. In this plateau I made 
surveys jointly with Messers Ichiro YOSHIMURA (1988), Yoshiyuki IwAayA 
(1939-40), Kiyohiko Aoti and Tsuneo HUKASAWA (1940), Sadataka Hisa- 
KOSHI (1941), Kunio KOBAYASHI, Torao YOSHIKAWA and Hisashi YOSHIDA 
(1942). This series of studies was a part of the research projects under- 
taken with the financial support of the Imperial Academy (1936-89), 
Hattori-hoonkai (1989-42) and the Council of the Foundation for the 
Promotion of Scientific and Industrial Researches of Japan. The results 
of indoor and field works were each reported by the participants and I 
myself compiled them in my reports on progress. Besides them some 
palaeontological studies were made partly in cooperation with Mr. Toshio 
KIMURA. 


In and around 1945 it was extremely difficult to do any research. 
During this interval, however, my collection completely disordered by its. 
transportation to a shelter, was gradually rearranged. It was in 1935 
that I published the third part of this series of publication. To complete 
this study there still remain several important untouched areas but there 
is no saying when it will be possible to fill this blank. Therefore I think 
it appropriate to schematize the existing knowledge and publish it as 
the fourth part of this series of publication. In the spring of 1950 the 
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Committee for the Compilation. of Geology and Mineral Resources of 
Eastern Asia was established in the Geographic Society of Tokyo. An 
article compiled for this committee was much revised and has now been 
completed. Another paper on the Cambro-Ordovician stratigraphy and 
palaeontology will follow. As to the geology of coal-fields in the plateau 
I owe much to Mr. SHIRAKI; for South Korea outside the plateau I have 
schematized the numerous data provided by Dr. Taterwa, Dr. IcHIMURA, 
Mr. SHIMAMURA and many other geologists. 

The late Prof. Shintaro NAKAMURA of the Kyoto University, Dr. 
Fujimaro YAMANARI, a former member of the Goelogical Survey of Cho- 
sen and Mr. Takuji SHIRAKI, a former member of the Fuel Investigation 
Office are pioneers in the Geology of the Kogendo limestone plateau. 
Therefore their suggestions were of great help at the time I began my 
research. I also received a great supply of fossils from Mr. SHIRAKI. 
On field surveys I have received much assistance from the late Dr. Shige- 
taro KAWASAKI and Dr. Iwao TATEIWA, the first and second directors of 
the Geological Survey of Chosen. The late Prof. Bunjiro Koto and the 
late Prof. Matajiro YoKoYAMA of my university, Dr. Hisakatsu YABE, 
Professor Emeritus of the Tohoku University at Sendai, the late Prof. 
Takeo Kato and the late Prof. Yoshiaki OZAWA of my university and the 
late Prof. Shigeyasu ToKUNAGA of Waseda University at Tokyo encourag- 
ed me during the course of my research and Prof. Taro TSUJIMURA of 
my university gave me advice on my geomorphological study. <A part 
of the research expenses was defrayed by grants from the Imperial 
Academy and other organizations above mentioned. 


. In my palaeontological studies I have received much guidance from 
distinguished specialists abroad. My stay of two and a half years as a 
visiting scholar at the U. S. National Museum through the courtesy of 
Dr. A. WETMORE was especially helpful. At that time my wife devoted 
all of her time to assisting me in my research. 

With the assistance of my teachers and friends and the collabora- 
tions of my students and the support of several organizations this study 
was carried out. Furthermore the study materials were faithfully pre- 
pared by Mr. Takeo IcHikAwa, photographed by Mr. Chuzaburo Urx1 
and drawn by Mr. Shiro Suzuki. I also owe much to Dr. Jack MURATA 
of the U.S. Geological Survey for the editing of the preceding three 
volumes and to Dr. Susumu Kobe for editing this volume. When I 
think of what all these people have done for me, I just do not know how 
to express my appreciation adequately. That I was able to receive such 
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help makes me very happy, but at the same time’I feel grief-stricken ) 
when I think of the death of YOSHIMURA, IwAyA; AOTI, HUKASAWA, 
and HIsAKosul, five of the most promising of my students who helped 
me in various ways during the conduct of my researches which re- 
sulted in this paper. ; nae 


Teiichi KOBAYASHI 
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CHAPTER I 
A. geological sketch of Korea and her adjacence 


1. Research in geology of Korea 


Not only Korea but Eastern Asia as a whole may be said to bea 
new world geologically. It can boast of no long history of research in 
modern geology as can Kurope where studies have been going on ever 
since the Renaissance. The first scientific observation on Korea was 
made by O. C. GortscHE when he made an eight months journey there 
in 1884. Among the Japanese, N. KANEDA was the first to study her 
geology (1891). Koto’s Orographic sketch (1904) and Journey through 
Korea (1909-10), YABE’s descriptions of the Mesozoic Naktong flora (1905), 
fusulinds (1906), and Gigantopteris (1908) and K. INOUYE and his cooper- 
ators’ Geology and mineral resources of Korea (1907) were published 
with her geological map in the following years. 

After the annexation of Korea by Japan (1910) KAWASAKI, NAKA- 
MURA and TAMuRA carried out the survey of mineral resources through- 
out Korea. Then there came studies on graphite and other minerals by 
FOKUCHI, on the Heijo coal-field by TokUNAGA, on the Permian coal- 
measures by YABE and others. The geological survey of Chosen was 
established in 1918 as a part of the government of Chosen and published 
18 geological atlases of Chosen (by 1987, scale 1/50,000) as well as many 
others. The coal-fields were surveyed by the staff of the Fuel Investi- 
gation Office and reports were published since its institution (1922). The 
“Geology and mineral resources of Chosen’? was compiled by KAWASAKI 
In 1926 and the general geological map of Chosen (scale 1/1,000,000) 
published by the survey in 1928. Beside these there were many research 
reports chiefly by specialists from the universities including KoNNno’s 
and NAKAmuRA and his students’ Geology of the Heijo coal-field, Matsu- 
SHITA’s Pre-Cambrian Shogen system, KoBAYASHI’s Cambro-Ordovician 
Chosen system, KoBayasHI and his students’ Geology of Kogendo 
limestone plateau and so forth. KoBAYASHI summarized the tectonic 
development in his ‘‘A Sketch of Korean geology ’’ (1933). Investigations of 
mineral resources became especially active since 1940 or so. Most of the 
recent results are unpublished, and are being compiled by the Compila- 
tion Committee on geology and mineral resources of Eastern Asia, of 
the Geographic Society of Tokyo. Researches on the geology of Korea 
were thus carried on for half a century till 1945. 
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2. Outline of geomorphology, of Korea and her adjacence 


Korea is a peninsula of the ae continent, with an area of 
220,879 square kilometers, that is, a little smaller than the main island 
of Japan. Koro (1904) divided Korea into three parts. The Gaima (cr 
Kaima) Plateau to the north of the line drawn between the east and 
west Chosen.bays, the Hanland to the south of the Genzan-Keijo (Seoul) 
rift valley and Palaeo- Chosen between them. The backbone range runs 
close to the sea of Japan. While in the Yellow sea nowhere exceeds 50 
fathoms in depth, the 200 fathoms line runs close to the eastern coast of 
the peninsula. The Tsushima strait separates the peninsula from Kyushu 
and Chugoku region. The international boundary is demarked by the 
course of the Oryokko (River Yalu) and the Tomanko (Touman) River 
with Mt. Hakuto between them. There is, however, no distinct differ- 
ence in orography on its two sides. 

The mountainous land in North Korea and East Manchuria is de- 
tached from the Sichota Alins by a narrow lowland of the Hanka lake 
(or Kogaiko) where the Ussuri and Suifun rivers flow. From the north 
Manchurian highland it is separated by the Sungari river. Its western 
side is sharply defined by the Liao tectonic line. Farther beyond there 
is the central: Manchurian basin. 

The ENE trend called .Sinische Richtung by RICHTHOFEN (1881) controls 
the orography and hydrography of this mountainous land as represented 
by the Oryokko, Seisenko and the Chohakusan and parallel ranges. The 
southern scarp of the Gaima plateau, the southern coasts of Shantung 
and Korea and the northwestern coasts of Kyushu and Chugoku have a 
similar trend. In Central and South Korea, however, the NNW trend 
called Korean direction by Koro is distinct as indicated by the coast line 
of the Japan sea and the Taihakusan range along the coast. From 
Taihakusan, however, the Shohakusan range runs across South Korea 
diagonally. Because NE trend is prevalent in South China, the term 
Sinan direction was given by PUMPELLEY (1886) and adopted by Koto 
in his Korean orography. The Sharei range, the Kindo and Eizanko 
rivers are on this trend. The NNE trend is also important as indicated 
by the rift valley between Genzan and Keijo, the Basokurei range and 
the Koshu range on its two sides, and by the Kishu-Meisen graben. 

These are all very important trends controlling the land relief and 
river system. Some of the reliefs depend on faulting, others on warping 
or flexure. Their original forms are, however, generally strongly dis- 
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sected. Still others may be erosion Scarps. The E-W direction is very 
important for the geologic structure of North Korea, but is less signi- 
ficant in topography, although it is still revealed to some extent by 
differential erosion. The peninsular Korea involving Palaeo-Chosen and 
Hanland is outlined by the Korean are on its east side. The voleanic 
zone comprizing Mt. Hakuto and Utsuryoto and Saishuto islands describes 
another arc parallel to but outside of the preceding. 


3. Tectonic lineament of Korea and her adjacence 


In the Palaeozoic and older history the larger part of Korea is in- 
separably related to South Manchuria and North China, but the extreme 
northeastern area of Korea which I ealled Touman area is quite different 
from Korea proper. It may be combined with the Kanto area of Man- 
churia to the north and the Suifun area of Ussurito the east into the 
Suifun-Touman area. The Mongolian geosyncline is thought to have been 
connected there with the Chichibu geosyncline of Japan. Embraced by 
these geosynclines there was a vast terrain for which I proposed the 
name, Koreo-Chinese Heterogen. (1) The Pre-Cambrian basement is ex- 
posed at some places, but none is wide enough to be called a shield. (2) 
Among these massives there were some geosynclines and basins of dif- 
ferent magnitudes, the basins belonging possibly to Quasikratons. The 
terrain isnot a simple Kraton, Geosyncline, or a Quasikraton, but a 
heterogenous aggregate varying at places in plasticity or rigidity. Hence 
the name, Chinese Heterogen, as suggested already (KOBAYASHI, 1950). 

The Chinese Heterogen can be divided by the Tsinling-Keijo line 
(KOBAYASHI, 1980) into two major provinces, called Hwanho and Yangtze 
(KOBAYASHI, 1952). As discussed recently, the Pre-Cambrian history 
of the Hwangho province best known in the zone through Wutaishan, 
and Liao-Gaima land, may be summarized in the following manner: 


(1) The Wutaian cycle of sedimentation 
(2) The Taishan igneous cycle 

(8) The Hutoan cycle of sedimentation 
(4) The Taoke igenous eycle 

(5) The Sinian cycle of sedimentation 


The sedimentary basins in the Hwangho province is collectively 
called the Hwangho basin. The Cambro-Ordovician Chosen system is 
in most places underlain by the Sinian system disconformably and over- 
lain by the Heian system also para-unconformably. There is, however, a 
tremendous hiatus between the Chosen and Heian systems that involves 


T. KOBAYASHI 


156 


SUT 


‘Ny yy My, 
; My 
: Hf 
MOM ye 


Fig. 1. Orographic map of Koreo-Manchuria 
A Amur river G Liao river 
B Great Khingan range H_ Jehol 
I Sungari river 
J  Hanka-Suifun lowland 
K_ East Manchurian mountainous land 


Cc Seja river 


D_ Bureja river 
E North Manchurian highland 
L Chohakusan 


F Central Manchurian plain 
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M Gaima plateau R_ Genzan-Keijo rift valley 
N_ East Chosen bay S Taihakusan range 
O West Chosen bay T Shohakusan range 
P East Shantung U Chugoku 

Q West Shantung V Kyushu 
a Chabarowsk j.- Viadiostok 
b Harbin k  Hakuto volcano 
ce Kirin 1 Genzan 

d Moukden m_ Keijo (Seoul) 

e  Dairen n  Utsuryo island 

f Peking o Keishu 
g  Tienshin p Fuzan 

h_ Thsien q_ Tsushima islands 
i Weihsien r  Saishu island 

1 Wantashan range 12 Kankyo range 

2 Mutanchiang river 13 Meisen graben 

3 Laochangkuang Sueiling 14 Shichihosan horst 
4 Hei-Liao divide 15 Konan range 

5 Taheishan range 16 Rorin range 

6 Sahaliang-ling 17 Seisenko river 

7 Ussuri river 18 Myoko range 

8 Hanka lake 19 Basokurei range 
9 Suifun river 20 Koshu range 

10 Touman river 21 Sharei range 

11 Oryokko river 


the time interval from late Ordovician to early Carboniferous. 

The Kenjiholimestone conglomerate near Kenjiho, south of Heijo, which 
was once thought to be a Gotlandian deposit (SHimizu, OzakKI and OBaTa, 
1984), is in fact the basal conglomerate of the older Mesozoic Daido series 
and the Gotlandian fossils are rémaine in the conglomerate (KOBAYASHI, 
1935). Some Devonian types of corals were reported at Tenseiri to the 
northeast of Heijo (YABE and SuGiyama, 1939), but its stratigraphic — 
position is still obscure. 

In the Yangtze province the Pre-Cambrian sequence is not so well 
known as in the Hwangho province, but there is a more continuous 
display of Palaeozoic formations without such a Middle Palaeozoic break 
as seen in the Hwangho basin. Furthermore the marine facies is 
predominant until the Triassic, but the sea never flooded the Hwangho 
basin after the early Permian transgression. 

In South Korea there are the Chosen and Heian systems separated 
by the Middle Palaeozoic hiatus as usual in the Hwangho basin, but the 
rock facies of the Chosen system and its faunas, especially the Ordovician 
ones, are more related to those of the Yangtze basin than to those 
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of the Hwangho basin. The marine faunas in the lower Heian system 
also appear intermediate between those of the two basins. 


Draftsman Kaoru Shimotoré 


Fig. 2. Tectonic Map of Korea and her adjacence 


A River Amur NP North Manchurian plateau 
C Korean are P Peri-Korean voleanic chain 
CP Central Manchurian plain R_ Riukiu are ; 

EM East Manchurian mountains S_ Shichota Alins 

GK Great Khingan range Sh Shankiangan basin 

H Heinan zone RR Fukien Reinan land 

J Jehol T Tsushima basin 

KK Shantung Keiki massif TS Touman Suifung area 

LG Liao-Gaima zone X Northern boundary of the 
Lt Liaotung Koreo-Chinese Heterogen 


M Mongolia ~ Y  Yokusen zone 
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a Motoyama metamorphic zone 1 Liao tectonic line 
b Kitakami mountains q Saishu (or Quelpart) volcanic 
ce Abukuma mountains island 
d Itoigawa-Shizuoka tectonic line t Tsushima islands 
I Axial zone of the Akiyoshi 
mountains III Axial zone of the Oyashima 
II Axial zone of the Sakawa mountains 
mountains 
1 Tiehling zone 5 Kishu-Meisen graben 
2 Moukden zone 6 Shihosan horst 
3 Taitzuho zone 7 Heigen massif 
4 Heihoku zone 8 Genzan-Keijo rift valley 


The tectonic lineament of Korea which I proposed in 19388 needs little 
emendation, but if its surrounding areas are brought into the picture, 
some modifications are advisable. It has been confirmed that the Reinan 
land extends into Fukien and the Keiki land into Eastern Shantung 
(KOBAYASHI, 1948). The Heihoku-Gaima land is perhaps better combined 
with South Manchuria, but there were two zones of depression which 
wedged themselves into this land from the west. In the northern, i.e. 
the Tiehling zone there are the Sinian and Hutouan ‘Systems and in the 
southern, i.e. the Taitzuho zone there are not only these two but also 
the Chosen and Heian systems. The Pre-Cambrian Taoke igneous activity 
and related deformation processes were strong in the northern zone, 
but less so in the southern zone and almost negligible in the Heinan geo- 
syncline still more to the south. There the Hutoan and Sinian systems 
form the Shogen system of tremendous thickness attaining 7,000m or 
more. The sub-Cambrian discordance is also weak or indiscernible. Inci- 
dentally, more than a half of the North Korean terrain which was once 
referred to the Chosen system in the map, 1928, is now known to belong 
to the Shogen system. In the Yokusen geosyncline in South Korea on 
the other hand the Shogen system is completely missing and the Chosen 
system directly rests on the Pre-Cambrian basement. 

The Chosen system was first divided into the lower or Yotoku series 
and the upper or the Great Limestone series. A revised classification 
is made in each region, as described in detail later in this series of 
publication. The Heian system used to be classified in Korea into four 
series, namely Koten, Jido, Kobosan and Greenstone. In the standard 
stratigraphic classification in the Hwangho basin, however, the Jido series 
is better split into two parts, because the lower Jido is generally marine 
and the upper Jido non-marine. Therefore I recommend the application 
of the Taiyuan series to the lower Jido and the Shansi series to the 
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upper Jido. The Koten series contains a Moscovian marine fauna. No 
Uralian fauna is as yet known in the Hwangho basin. Nevertheless the 
Koten and Jido series appear to be continuous at least in the Heian and 
Yokusen geosynclines. The Taiyuan series contains a marine Sakumarian 
fauna. Accordingly the Shansi series is middle Permian, the Kobosan 
upper Permian and the Greenstone series lower Triassic. A tentative 
correlation of the Heian system is shown here in table 1. 


Table 1. Tentative Correlation of the Heian System 
in the Hwangho Basin 


Hwangho Basin 


Age Phase of Disturbance 
Korea S. Manchuria N. China 


Ladinic Shorin 
Anisic bee 
Skytic Greenstone Shichienfeng (Misaki) 
Tate-Suwan 

Tatarian eee ; 

‘ Kobosan Saichia Shihotzu 
Kazanian 

3| Usuginu-Tungwu 

Kungurian Liutang Shansi a} 

ere F Fa 
Artinskian Jido Ley g 
Sakmarian Huangchi Taiyuan 3 pre-Usuginu-Chaotsuo 

; Sakamoto-Kumming 

Dotan one A Pac) 
Moscovian Penchi Penchi 


As mentioned above, the stratigraphic sequence of the Hwangho 
province before the middle Triassic Shorin deformation, consists of 
the Wutaian, Hutoan, Sinian, Chosen and Heian systems. In the 
eastern part of the province the tectonic elements, positive and 


negative, were aligned alternately from north to south. They are 
classified as follows :— 

1. Liao-Gaima land in which there were (a) the Tiehling zone of depression in the 
north and (c) the Taitzwho zone of depression in the south, separated by (b) the 
Moukden zone of elevation, and to the south of the ,Taitzuho zone there was (d) 
the Hethoku zone of elevation. 

2. Heinan geosyncline which extended to the west into the western hills of Peking 
through the Liaotung peninsula. 

3. hevki land extending into eastern Shantung. 

4. Yokusen geosyncline which is connected with the central and south Chinese basins 


in one way and intermittently with the Shankiangan basin (KOBAYASHI, 1941) to 
the south of the Shantung block. 


5. Reinan-Fukien land 
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In the Tiehling zone there is no Palaeozoic formation and in the 
Taitzuho zone there are many stratigraphic breaks and the Green- 
Stone series is almost all missing. The sequence is most complete in 
the Heinan geosyncline except the Greenstone series which is much 
thicker in the Yokusen geosyncline where, however, the Sinian and 
Hutoan are missing. This geosyncline may have subsided more or less. 
reciprocally to the upheaval of the Tiehling zone. 

The fundamental problem is whether these lands persisted through- 
out these periods or were submerged under water, only the sediments 
having been eroded out. 

In connection with this problem it should be noted that (1) in 
Korea arkose material of the Shogen system must have been supplied 
from land adjacent to the Heinan geosyncline. There is neither the 
Chosen nor the Heian system on the massives in Korea. (2) In Man- 
churia there is the so-called Yunning sandstone which, according to 
SAITO (1938), is composed of deltic sediments wedged in the Sinian 
formation. This delta must have expanded from the western part of 
the Liao-Heihoku land. (8) The Yokusen zone was land in the Sinian 
period. (4) There was the elevating Keiki-Shantung axis between the 
Heinan geosyncline and the Shankiangan basin. (5) At Kishan, far- 
ther west in Shansi the middle Cambrian formation similar to the 
Lower Cambrian Manto series in its lithic aspect lies on a gneiss. 
basement. Therefore the basement must have been land until the 
early Cambrian period. 

(6) The Cryptozoon reef at the base of the Ordovician formation is 
extensive in the Taitzuho zone and the northern margin of the Heinan 
geosyncline as seen in the Wuhutsui basin and the Chinchou district 
in the Liaotung peninsula and in the Tokusen district in the northern 
part of the Heiannando. The intraformational limestone conglomerates 
are also commonly seen at these places, but the Cryptozoon reef and 
the intraformational conglomerate is seldom seen in the central part 
of the Heinan geosyncline. (7) The Cambro-Ordovician faunas in these de- 
pressions are similar to one another, but there are indigenous elements, 
Coreanoceras in the eastern Heinan geosyncline and Manchuroceras in 
the Taitzuho depression for example. The Wanwanian fauna (KoBa- 
YASHI, 1988) of the latter depression is quite characteristic. The 
Cambro-Ordovician faunal aspect of the Yokusen geosyncline is quite 
distinct from that of the Hwangho basin in many respects. Such an. 
endemism may be due to isolation by a peninsular projection or inter- 
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mittent Jand barrier. (8) In the Heian system it is sometimes seen 
that the conglomerate wedges are inserted near the margin of some 
coal-fields. These facts as a whole suggest that elements bearing 
positive and negative tendencies were aligned alternately from north 
to south, although it is probable that the positive elements were 
“eovered to some extent by thin blankets of sediments. 


4. The Shorin and Taiho disturbances and related granitization 


The aforementioned tectonic lineament of the Hwangho province 
was maintained through the Palaeozoic, but strongly deformed during 
the Mesozoic era. The Mesozoic basins are therefore distributed with- 
out any relation to the previous land masses and zones of depression. 

In calling it Yenshan, WoNG paid attention to the late Mesozoic 
crustal deformation (1927). The name, Yenshan movement, however, 
has been used in various ways since its denomination. In the mean 
time the Taiho movement was proposed by Konno (1928) for the 
late Mesozoic disturbance in Korea. Therefore the Yenshan might be 
used as a collective term for the late Mesozoic disturbances in the 
Hwangho province or the Chinese Heterogen and the Taiho for the 
paroxysm at the Jurasso-Cretaceous transition. 

The older Mesozoic disturbance in the province was first proven 
at Shorinri near Kenjiho, south of Heijo, where the older Mesozoic 
Daido series dipping northwest found to lie on the Ordovician lime- 
stone dipping southeast (KOBAYASHI, 1930). Because of this clino- 
unconformity the older Mesozoic disturbance was named ‘‘ Shorin.”’ 
Subsequently evidence of this disturbance was seen in the Wafangtien 
coal-field at the neck of the Liaotung peninsula and later in the’ Heijo 
coal-field. The folding and thrusting of the Heinan geosyncline was 
first attributed to the Taiho disturbance, but later it was found that 
this geosyncline had been deformed primarily by the Shorin distur- 
bance and that the Taiho deformation was a secondary one in which 
the already complicated structure was deformed by interformational 
sliding, up-thrusting and normal faulting 

Because the Mesozoic strata on the continent must be classified 
in advance of tectonic analysis, I have taken up the study of the non- 
marine Mesozoic formations in Eastern Asia and the fossils contained 
therein, carrying on this project in collaboration with SUZUKI, TAKAI 
and several others since 1942. The classification thus obtained is 
shown in the table inserted here. 
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As discussed elsewhere, the Akiyoshi cycle of orogeny disturbed 
not only the Chichibu geosyncline, but also the Mongolian geosyncline, 
although in the earlier phases of the cycle the disturbance was st- 
ronger in the latter and in the later -phase in the former geosyncline. 
As discussed in detail (KOBAYASHI, 1952) the climate of the Hwangho 
basin changed from a warm, humid one in the Shansi epoch when 
coal measures were deposited, to one of high aridity in the Greenstone 
epoch after a warm but fairly arid climate in the Kobosan epoch when 
the Gigantopteris nicotianaefolia flora flourished. This change must have 
been due to a pre-orogenic upheaval of the geanticlinal axis on the 
inner side of the Chichibu geosyncline which extended from Japan to 
Tonkin. In the late Permian period the sea retreated completely from 
the Mongolian geosyncline. Though the early Triagsic sea lingered on 
in Transbaikalia and southern Ussuri, the vast terrain of Eastern 
Asia became an arid land. 


Table 2. Tentative classification of non-marine formations in Eastern Asia 
and fossils contained therein 


Fauna 
Age Formation Flora 
Mollusea Estherites Fish 
Sungari Sungari mitsuishit Sungarichtys 
Gyliak 
Cretaceous | Shiragi 
-_ Se |. Byongsane kyéngsangensis Manchurichtys 
Naktong 
‘wirdivateiess = Toyora 
> (Fuhsin) 5 - Lycoptera- 
Jurassic Jehol peel middendorfis Asiatopsis 
inaeiseee Daido Daido coreanica Mine 


The Akiyoshi orogenic cycle was accompanied by the batholithic 
invasion of the Mongolian granite with the result that the Angara 
Urkraton was fused with the northern part of the Chinese Heterogen 
through the Mongolian orogenic zone. Therefore the basins where the 
Daido group was deposited are distributed independently from previous 
tectonic lineament, as shown by the Tsetsenwan Series in Outer 
Mongolia, the lower Algatchi in Transbaikalia, the Mongugai in Ussuri, 
the Daido in Korea, the Peipiao coal-bearing in Jehol and the Tatung 
in Inner Mongolia, the Mentoukou in the western hills of Peking and 
so forth. The post-orogenic conglomerate Series in the Kuznetsk 
basin is probably a Daido member far in the interior. 
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The Daido group of floras on the continent were first thought 
Liassic or even Dogger. The Mongugai flora of Ussuri, the Nariwa 
and other similar floras of Japan and the Hongay flora of Tonkin, 
which belong to the Daido group and all lie in the Akiyoshi orogenic 
-zone were referred to Rhaetic. But in fact the Nariwa beds are 
located beneath the shell beds containing upper Norie Entomonotis 
ochotica, aS Shown some years ago (KOBAYASHI, 1938). Later investi- 
gations have shown that the Mine group of floras in Eastern Asia to 
which all of them belong, is mostly Carnic or Norie and partly Ladino- 
Carnic or Rhaeto-Liassic. The Dipteridaceae are well represented in 
the floras of the Akiyoshi zone, especially in its southern part because 
plants flourish most in a warm humid climate and the zone belonged 
to the monsoon region. Because the inland climate was unsuitable, 
the floras of the Mine group on the continent in which the Dipteri- 
daceae depauperate, were thought Liassic or even younger, but really 
they are not much younger than those in the Akiyoshi orogenic zone 
as proven by the estherians and by stratigraphic facts (KOBAYASHI, 
1942), 


It took me years to confirm the age of the Mine group of floras, but 
when it was finally established, it was seen that there is a great homo- 
taxism between the floras of the Rhaeto-Liassic aspect on the Atlantic 
and Pacific sides of the Eurasiatic continent. Although the Green- 
stone series is barren of fossil, it is superjacent to the upper Permian 
Kobosan series. In the northeastern part of the Yokusen zone it is 
a pre-orogenic or Flysch type of sediment of a tremendous thickness, 
resembling the Skyto-Anisic Inai series in Japan and its equivalent 

near Vladiostok in lithic aspect. Therefore I become convinced of 
the middle Triassic age of the Shorin disturbance. In other words, 
the Shorin phase is approximate to the Akiyoshi phase in age, if not 
exactly contemporaneous. 


The middle and upper Jurassic Jehol series which was deposited 
widely farther inland is frequently rich in voleanic and pyroclastic 
rocks. Ifa small lake near Gishu at the month of the Oryokko is 
excluded, Korea was entirely land at the time. With the exception 
of the bathyal sediment in the Shimanto geosyncline all of the Jurassic 
sequences in Japan are bisected by discordances, although the age of 
the discordances are somewhat different at places. As discussed later 
the discordance separating the Mongugai from the Nikan series in 
Ussuri undoubtedly indicates a phase of the Hida interorogeny. The 
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Nikan series is an approximate equivalent to the Tetori series in the 
Hida plateau in Central Japan, although the middle Jurassic is possibly 
absent in the Nikan and so the upper Cretaceous in the Tetori series. 
The two represent continuous limno-paralic depcsits from middle 
Jurassic to middle or upper (?) Cretaceous. 

In the Cretaceous period there was the Tsushima basin to the 
west of the Tetori and Nikan basins. The Kyongsang group in South 
Korea is divisible into the Naktong below and the Shiragi series above, 
the two being approximate correlatives of the Inkstone and Wakino 
series in West Japan respectively. The last is disconformably under- 
lain by the Toyonishi (late Malm to Wealden) and this in turn by 
the Toyora (Callovian to Lias) series also disconformably. The Sakawa 
cycle of orogeny attained its paroxysmal phase in the inner side of 
the are of Japan at the transition (Oga phase) from the Toyonishi 
to the Wakino epoch, although it commenced in the late Toyora epoch. 

Neither the Jehol nor the Naktong series is well developed in 
the Heinan and Yokusen zones, but the Shiragi series covers the 
already folded formations inclusive of the Daido series extensively. 
Therefore the so-called Taiho disturbance in Korea may have been of 
about the same age as the Oga phase in Japan. 

In Japan the great Sakawa orogeny from late Jurassic to middle 
Cretaceous is now well ascertained to be classifiable into the Oga 
orogeny from late Jurassic to Wealden in the inner side of West 
Japan, the Neocomian Oshima orogeny in North Japan and the Sakawa 
orogeny proper in the middle Cretaceous period, as demonstrated in 
my Sakawa cycle. The Jurassic Hida interorogeny and the Triassic 
Akiyoshi orogeny will also be classified into a number of phases. 
Caused by the Akiyoshi orogenic cycle in the Permo-Triassic period, 
possibly inclusive of the late Carboniferous, the inner side of the 
Chichibu geosyncline became the Akiyoshi orogenic zone or the Aki- 
yoshi mountains. The outer side of the geosyncline developed into 
the Shimanto geosyncline. The inner side of this secondary geosyn- 
cline became the Sakawa mountains by the Jurasso-Cretaceous Sakawa 
orogenic cycle and its outer side developed into the third geosyncline 
called Yezo in the north and Nakamura in the south. Each of the 
orogenic cycles ended with a culmination, namely the Rhaetic Toyo- 
gatake culmination at the end of the Akiyoshi cycle and the Palaeocene 
Akitst culmination at the end of the Sakawa cycle. 

As the result of recent researches in Central and North Man- 
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churia tectonic phases of the Akiyoshi cycle analysed in Japan are 
recognizable in some way in the eastern Mongolian geosyncline. It 
appears to be probable that the early deformation of the cycle was 
stronger there and the later one in the Chichibu geosyncline. 

The studies on the non-marine Mesozoic formations in Eastern 
~Asia showed that the Shorin and Taiho disturbances in the Chinese 
Heterogen are respectively approximate to the Akiyoshi and Oga 
orogenies. But more intensive studies are needed before one can 
distinguish the phases of the tectonic development in the Koreo-Chinese 
Heterogen and correlate them with those of the Japanese islands. It 
is, however, certain that the major part of Yenshan movements 
belong to the Sakawa orogenic cycle, and it is probable that the 
paroxysm of the Yenshan movements s. str. corresponds approximately 
to the Oga phase of the Sakawa cycle. 

It isa remarkable difference between the continent and the fes- 
toon islands that the voleanism in the Hida interorogeny was weak in 
the latter but strong in the former where it took place almost con- 
tinuously from late Triassic to late Cretaceous. 


HH SSS ES 


Mongolian Chugoku Oyashima 
Granite Granite Granite 


Figure 3. Granitzation of Eastern Asia 


The Sakawa orogenic cycle was accompanied by a batholithic 
invasion of granite. The term, Chugoku granite batholith, has long 
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been used in Japan. Later the granite was called Bukkokujo in South 
Korea, Senzan in South Manchuria and Yenshan in China. Therefore 
the Chugoku granite is adopted here as their collective term. The 
Sakawa cycle of orogeny was a strong one which extensively disturbed 
all Kastern and Southeastern Asia. The Amur geosyncline which was 
a relic after the Akiyoshi orogeny in the Mongolian geosyncline was 
also disturbed and intruded by granitic rocks. 

If the granites along the pliomagmatie zone of the Akiyoshi oro- 
genic zone is excluded, the Mongolian granite batholith is restricted 
to the Mongolian zone. The Chugoku granitic invasion on the other 
hand extended as far as the Sakawa orogenic zone through Korea and 
China (P. TEILHARD DE CHARDIN, 1940). The post-Jurassic granite in 
Cambodja belongs most probably to this magmatism (FROMAGET, 1941). 
The wave of warping which follows the Sakawa orogeny is intimately 
related to this plutonism. On the continent this warping took place 
without any relation to previous tectonic lineament and was associated 
with faulting. The great Khingan range and the Liao tectonic line 
crossing Mongolian zone obliquely are products of the post-Sakawa 
warping and faulting. The Sungari series of late and (?) middle 
Cretaceous age is a filling in the central Manchurian basin and ex- 
tends into the Seja-Bureja basin through the northern Manchurian 
highland. 


5. The Tuoman-Suifun area in the Mesozoic and older periods 


During the Palaeozoic area there were the Mongolian geosyncline 
on the north side and the Chichibu geosyncline on the southeast side 
of the Chinese Heterogen. The Cambrian fossils are known in the 
western part of the former geosyncline, but the oldest fossiliferous 
formation in its eastern part is the Ordovician Orthis sandstone in 
the Upper Amur valley (KOBAYASHI, 1942). In Central and Northern 
Manchuria the Gotlandian coralline limestone is the oldest (YABE and 
EGucHI, 1948). In the latter geosyncline the oldest is the lowest 
Ordovician Asaphopsis sandstone in Indochina; and the Gotlandian 
coralline limestone in Japan is now known in North Japan and in the 
inner and outer zones of West Japan. The Gotlandian limestone facies 
is represented in the Lojaping series in the Yangtze basin. In the 
vast terrain of the Hwangho basin, however, there is a large middle 
Palaeozoic hiatus. North Korea is an exception where Gotlandian 
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corals are contained in the older Mesozoic Kenjiho conglomerate as 
remanié fossils, suggesting marine ingression into the Heinan geosyn- 
cline from the east. The ingression was. possibly repeated in the 
Devonian period, as suggested by Devonian corals at Tenseiri (YABE 
and SUGIYAMA, 1939). 

The Mongolian and Chichibu geosyneclines were connected in the 
Suifun-Touman area where the Indo-Pacific fauna is known. Neoschwa- 
gerina reached Chabarowsk (AHNERT, 1928) and other elements of the 
fauna invaded farther into Mongolia (GRABAU, 1981). In the presence 
of Permian tuff this area agrees better with West Japan than with 
North Japan. With the retreat of the Permian sea the deltic sedi- 
ment containing the Kobosan flora was deposited on the west side 
(KONNO, 1947). On the east side the Angara flora is contained in the 
coal-bearing upper Permian. Therefore this is a crucial point in 
checking the relation between the two phyto-palaeogeographic provinces. 
In the inclusion of granitic rocks the fanglomerate in the deltic 
facies belongs to the Usuginu type of conglomerate which is extensive 
in the Permian of Japan. The superjacent black shale facies may be 
comparable with the Toyoma slate on the Usuginu conglomerate 
(KOBAYASHI, 1952). 

The Skyto-Anisic series near Vladiostok is also similar to the 
series in Japan in fauna and facies, but thinner here than in Japan. 
Furthermore it lies on granite, while in Japan it is generally under- 
lain by the Permian disconformably (KOBAYASHI, 1942). The exotic 
granite boulders in the Permo-Triassic formations in Japan may have 
been derived from the pliomagmatic zone of the Akiyoshi axis 
_ (KOBAYASHI, 1952). 

It was found recently that the Triassic formation of various 
stages are widely distributed in the Maizuru zone which extends 
from the north of Kyoto to the west of Osaka (NAKAZAWA, 1951). The 
Claraia limestone of Kurotaki and the Meekoceras limestone of Taho, 
both in Shikoku island, are aligned in its extension. They as a whole 
indicate an embryonic syncline diagonal to West Japan. It is highly 
probable that the early and middle Triassic sea reached Vladiostok 
through this channel. The Ladinie is generally found detached from 
the Skyto-Anisic in Ussuri and Japan. In the early Carnie the Maizuru 
zone was an embayment and abundant Palaeopharus shows a faunal 
connection to the arcto-boreal side.. The Carnic and older formations 
in the zone are all strongly folded.. The Shidaka series to the west 
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of Maizuru which was previously thought Jurassic, have been lately 
determined, with the find of Myophoria, to be a deposit of the late 
orogenic or Molasse type immediately after the deformation (KAMBE, 
1951). The Nariwa series to the west of Okayama which contains late 
Norie Entomonotis ochotica at the top is another late orogenic deposit. 
At the western end of the main island (Prov. Nagato), however, the 
Ladino-Carnie Atsu series rests on the Akiyoshi mountains comprising 
metamorphic rocks. Therefore it is certain that the paroxysm of the 
Akiyoshi orogeny came earlier there than in the Maizuru zone. 


The extensive distribution of Entomonotis shows the flooding of 
Noric sea over Northern Siberia, Amur embayment, Ussuri, Japan 
and so forth. The Triassic formations of Japan are devoid of volcanic 
material, but the tuff contained in the Mongugai series in Ussuri 
indicates voleanism behind the Akiyoshi mountains. 

The Akiyoshi cycle of orogeny closed with the Rhaetie culmina- 
tion of the Toyogatake phase. Subsequently the Liassic sea ingressed 
into the Akiyoshi land along the boundary between the zones of me- 
tamorphism and deformation from the west, as indicated by the 
neritic Toyora, paralic YamMAoKU and limnic Yamamuro formations. 
Farther to the east in the southern Kitakami mountains a late Tri- 
assic embayment was slightly modified in the Liassic. On the outer 
side of West Japan which is farther apart from the Akiyoshi mountains 
the continental shelf was made narrower in the early Jurassic than 
in the later Triassic by the Toyogatake culmination (KOBAYASHI, 1948). 
Accordingly the neritic Lias or Dogger is delimited, though there is 
a continuous bathyal sediment off-shore from the Shimanto geosyncline 
which is a product of migration of geosyncline toward the south of 
the Akiyoshi mountains through the Permo-Triassic orogeny. 

The Mongugai series is a formation, late Triassic to early Jurassic, 
in the depression behind the mountains and there is no Rhaetiec dis- 
cordance. Marine Jurassic fossils are reported from the Murawiow- 
Amurski peninsula and Askold island near Vladiostok. Vaugonia and 
Biplices among them suggest respectively early and late Jurassic 
ingressions. 

The Jurassic sequence in Japan is bisected by the Hida discor- 
dance, but the age of this break is quite different at places. The 
Toyora from Liassic to early Malm, reveals a eycle of sedimentation in an 
embayment. In the Hida plateau, Central Japan, the Kuruma basin 
became land and a new basin called Tetori was brought: about on its 
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west side. The lower Tetori series (or Kuzuryu division) contains a 
marine fauna including Biplices and Seymourites, the last of which 
being a typical member of the Arcto-Boreal Callovian fauna. The 
limno-paralic middle Tetori, or Itoshiro division, is most extensive and 
yields the rich Tetori flora. The upper Tetori, or Akaiwa division, is 
composed mostly of deltic sandstone, partly conglomeratic, and barren 
of fossil. Lately middle Cretaceous plants were discovered in the top, 
or Omichidani, division containing red tuff similar to the so-called 
Inkstone. The Tetori, Naktong, Ryoseki and Nikan floras are all similar 
to one another and are late Jurassic or early Cretaceous. 


In northern Kyushu and its northeastern adjacence it is known 
that the Toyora series is discordantly overlain by the paralic Toyonishi, 
from upper Malm to Wealden, which is an orogenic sediment. Its 
transition to the limnic Wakino series was the paroxysm of Oga 
orogeny. The Inkstone red tuffaceous formation superjacent to the 
Wakino is more extensive than the Wakino. These two correspond 
to the Naktong and Shiragi series in South Korea and the Kyongsang 
group is their collective term. 

The Nikan series in Ussuri consists of the arkose Nikan in the 
lower and the tuffaceous Nikan in the upper part.. The arkose Nikan 
may be the correlative of the Naktong or the middle and upper Tetori 
series exclusive of the top division of the Tetori. The tuffaceous 
Nikan exclusive of its top is that of the Shiragi-Inkstone plus the top 
of the Tetori. The top division of the Nikan yields Trigonia, Spondylus 
and Ostrea. Judging from the Cretaceous palaeogeography of Japan and 
Korea it is quite improbable that the late Cretaceous sea ingressed 
into southern Ussurifrom the south. Therefore there may have been 
a channel along the Sichota Alins. 


In East Manchuria there are Jurasso-Cretaceous formations. 
Broadly speaking, the lower division contained the Tetori-Naktong type 
of flora (Moulin, Tunning, Lunching, etc.) may be correlated to the 
arkose Nikan and the upper division (Talatzu, Kabayama, etc.) to the 
tuffaceous Nikan. There the two parts are generally separated by a 
remarkable discordance and boulder conglomerate is fairly prevalent 
at the base of the latter. This deformation must be roughly in the 
Oga phase. 

As mentioned above, the Touman-Suifun area records the history 
of the Akiyoshi cycle which took place behind Japan. During the 
Triassic and Jurassic periods the sea repeatedly ingressed as far as 
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Ussuri.’ The faunas and floras there are intimately related to those 
of Japan. Furthermore it is certain that the Hida and Oga deforma- 
tions took place there. 

The Mesozoic and older history of the Tuoman-Suifun area is indeed 
intimately related to the inner side of West Japan, but is essentially 
different from that of Korea proper. Nevertheless it is a remarkable 
fact that the middle Triassic Akiyoshi orogeny was stronger in the 
Heinan geosyncline than in the Yokusen geosyncline, like on the inner 
side of Japan where it was stronger than on the outer side, and the 
mountains introduced in North Korea and the inner side of Japan 
were secondarily deformed by the Wealden Oga orogeny. 

Seeing that the distribution of the Triassic formation in the 
Sichota Alins is restricted, it is probable that there was a land, but the 
alignment of the Jurasso-Cretaceous formations with the Palaeozoic 
formations along the axis shows that the folded mountains of the 
Sichota Alins were not completed before the late Mesozoic orogeny. 
Trigonia from Suichan suggests the appearence of a channel in front 
which may have been the progenitor of the Japan sea. 


6. Koreo-Manchuria after the Sakawa orogenic cycle 


The Great Khingan range runs diagonally across the orogenic 
zone of Mongolia with a NNE trend, and is more gently inclined to 
the west than to the east. The central Manchurian basin is separated 
from the Seja-Bureja basin by the north Manchurian highland, but in 
the late Cretaceous period there was a twin basin where the Sungari 
series deposited (KOBAYASHI, 1942). Several patches of the series are 
scattered on the highland. The Seja-Bureja basin must be a product 
after the Amur geosyncline became an orogenic zone. The Great 
Khingan range and the east Manchurian mountains must have been 
on the west and the east sides of the central Manchurian basin in the 
Sungari epoch. 

The upper Sungari series inclusive of the Tsagoiana of the Seja- 
Bureja basin is possibly Cretaceo-Tertiary passage beds. The Taishu 
series on the Tsushima islands is thought to be Dainan by TaTEIWA 
(1934). But, intruded into by the batholithic granite, the vast terrain 
of Estern Asia culminated and became land at the end of the Cre- 
taceous period. 

In Japan the Palaeogene is generally separated from the Cretaceous 
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formation by disconformity except the Nakamura group along the 
Pacific coast of West Japan in which the boundary between the two 
systems is as yet obscure. ‘ 

The Palaeogene sea ingressed into the Yezo and Nakamura geo- 
synclines and also'into the Palaeo-Shiranuhi bay to the west of Kyu- 
shu reaching the western extremity of Chugoku in the Oligocene 
inundation. 

On the continent Oligocene and lower Miocene are most extensive 
among the Tertiaty formations. Because the subsidence of the Tertiary 
basins began in late Eocene and lasted till the middle Miocene crustal 
deformation, the formations from middle Miocene to upper Eocene 
on the continent are collectively called here the older Tertiary group. 
It is extensive in the Seja-Bureya basin and occurs in the Itungho 
spatulate basin and the Fushun coal-field on the west side of the 
Koreo-Manchurian mountainous land. In the Hanka lowland it is re- 
presented by the Kainei series in the Kanto and Tuoman area and the 
Posjet series in the Suifun area. In the Kishu-Meisen graben on the 
southeast side of the Gaima plateau there are the limnic Ryudo 
series, Ryudo alkaline basalt and the paralic Meigen series in ascend- 
ing order. 

On the west side of peninsular Korea the Hozan coal-bearing 
(upper Eocene) and probably the Anshu series belong to the older 
Tertiary. On her east side there are small patches at Shinkori; Tsusen 
and Keishu in the last of which the Choki series is overlain by Bon- 
kokuri volcanics. The bases of the Ryudo and Choki series are fairly 
flat. There are weak discordances at the bases of the Meisen and 
Bonkokuri. Deformation after their deposition was much stronger. 


The Bonkokuri and older formations are cut by faults of the 
Hansen system with a NNE strike and the downthrows on the east 
side. The Gaima plateau was heaved high up by this movement. At 
Gosui on the plateau but close to its rim the older Tertiary is in a 
basin 1,000m. above the sea. On the scarp of the plateau there is 
the Kankyo system of faults which are mostly in NE to ENE direction 
and their downthrows on the plateau side. During this deformation 
_the Shichihosan horst was separated from the plateau by the Kishu- 
Meisen graben. The Shichihosan volcanic series covers both the horst 
and the graben. 

In the eastern part of the Kogendo limestone plateau there is a 
zone of fault mesh which was produced by the block movement in 
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the Cretaceo-Tertiary transition. But the land relief was leveled by 
erosion during the Palaeogene period. Its end-product was the Rop- 
pyakusan plane which was brought up by the middle Tertiary asym- 
metrical warping. There was however no strong faulting. The upper 
Miocene formation at Sanchoku, Neikai and Ennichi all on the east 
coast of the peninsula begins with boulder conglomerates in the de- 
pressions in the already deformed terrain. 


The Roppyakusan plane is not a peneplane, but a plane of low 
relief varying in height to 500m. ‘It is probable that the top is the 
relic of the Eocene plane and the flat bottom is the Miocene plane. At 
all events the high rolling plane is extensive in Koreo-Manchuria and 
becomes higher near the coast of the Japan sea. Inthe Gaima plateau 
and east Manchuria the Roppyakusan plane is widely capped by the 
middle Tertiary plateau basalt. In Chugoku the submergence of the 
plane invited the ingression of the Miocene sea. 

In Koreo-Manchuria the younger Tertiary is less extensive than 
the older Tertiary and so is the Pliocene than the Miocene. In Japan 
on the contrary the Miocene was a time of inundation. After the 
retreat of the Oligocene Ashiya sea there was a ditch from north- 
western Kyushu to the Shinji peninsula where the limno-paralic 
sediments were deposited. Subsequently the Miocene sea ingressed 
from the south as far as the Kishu-Meisen graben, and an inland 
sea crossed Chugoku and Kinki. 

Aimost simultaneously with the middle Miocene deformation in 
Korea the limnic formation of the Shinji peninsula was strongly folded. 
Later the sea spread from the north. The Ennichi series near Keishu 
is a sediment at the time. 

By the embryonic folding in the transition from Cretaceous to 
Tertiary the Yezo geosyncline was differentiated into the elevating 
east side and the subsiding west side where in the latter the thick 
Palaeogene sediment was accumulated and later folded and thrust 
onto by the Neogene orogeny. In the transition from stable Palaeo- 
gene to mobile Neogene the northern wing of the Sakawa moun- 
tains in front of the Yezo geosyncline suffered fragmentation. As 
a result the Kitakami, Abukuma and other horsts were produced on the 
east side and a chain of depressions on the west side which are known 
by the name of the Uetsu subgeosyncline. A thick green tuff for- 
mation produced there was overlain by a thick oil-bearing Neogene 
in the subgeosyncline which was strongly deformed by the Diluvium. 
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As mentioned already, it is probable that there was a late Cre- 
taceous channel on the east side of the Sichota Alins, but after the 
retreat of this sea Japan became a maritime terrain of Palaeogene 
Asia. Whether or not the older Tertiary formations, like the Posjet, 
Kainei, Ryudo and Choki series all to the east of the Korean divide, 
are sediments in separate basins or marginal depressions of a large 
lake on the site of the Japan sea, is indeterminable. But it is certain 
that there was a sea of Japan during the Miocene. Its outline was 
different from the present one, especially on the side of Japan. But 
the outline at the end of Pliocene was quite similar to the present 
one, because the neritic Pliocene is distributed along the coast of 
North Japan. There is none on the coast to the west of Maizuru in 
Prov. Tango (Kyoto Pref.), but the neritic upper Pliocene recurs in 
Saishu island to the south of the Korean peninsula. The shell bed at 
Ugolnaja, north of Vladiostock, may be of the same age or a little 
younger. Judging from the migration of mammals, however, the 
land connection through the Tsushima strait or the east China sea may 
have been maintained at least intermittently by the middle Diluvium. 

It is difficult to date any phase of deformation without related 
formations. Seeing that Mesozoic formations are disturbed in the 
Hanka lowland, however, the progenitor of this depression must have 
existed in the early Triassic or at least in the late Triassic period. 
It was later developed as shown by the extensive distribution of the 
Jurasso-Cretaceous formations. The twin basing of Seja-Bureja and 
central Manchuria did not, however, exist before the Sungari epoch, 
because the Sungari series directly overlies the basement and the Amur 
geosyncline extended westerly into Transbaikalia through the Seja- 
Bureja tributaries until the early Cretaceous period. 

The deformation which affected the Jurassic formations in Da- 
lainor coal-field in Barga or in the Tsuruoka coal-field in northeast 
Manchuria is block movements (Guide-Book, 1943). Insofar as Trans- 
baikalia is concerned the deformation of the Amur geosyncline is of 
the German type as seen in Jehol. But because the Scholleniber- 
schiebung is directed to the south or southeast in Jehol whereas it is 
to the north or northwest in Transbaikalia, the thrustings were proba- 
bly caused by a grand geanticlinal upwarping of the broad central 
zone of Mongolia as suggested by TCHAYCHOVSKY (1935). The subsidence 
of the aforementioned twin basins and the upheaval of the Great Khin- 
gan range on its west side and of the east Manchurian mountainous 
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land on its east side took place after the early Cretaceous orogeny. 

The Liao tectonie line which delimits the east Manchurian land 
may not be asimple fault but a series of parallel faults and flexures. 
In the Liaotung peninsula the Chinchou. fault of this trend separates 
the folded Rakuroan group on the west side from the gneiss terrain 
on the east side. Likewise, a narrow graben of the same trend be- 
tween I-hsien and Wei-hsien separates west Shantung from east 
Shantung. The increasing dip of the lower Sungari series, i.e. the 
Chuantou stage in the approach to the Taheishan range suggests a 
flexure. It is the forerange of east Manchuria and a spatulate basin 
of the Itungho behind it is filled with the Palaeogene and probably 
also the Sungari series. But no Oligocene is known in the central 
Manchurian basin or in the north Manchurian highland. The Oligo- 
cene in the Fushin coal-field is cut by a fault at the northern end. 
The NE and ENE trends significant in the orography and hydrography 
indicate the blocking of the Koreo-Manchurian land. 

In the topography of Korea and especially of Central and South 
Korea NNE and NNW trends are very significant. The Kishu-Meisen 
graben and the Genzan-Keijo rift valley are in the former trend. 
The Mukakusan fault (see fig. 4) on the other hand is a long one of 
the latter trend traceable over 100 km. along which the Shiragi series 
on the east side is slipped down. The eastern coast of peninsular 
Korea runs parallel to it for a long distance, but in the south of the 
Geijitsu bay it has a NNE trend. The Tsushima islands are elon- 
gated in the same direction. The backbone range of the peninsula is 
warped up with the axis close to the Japan sea. From Mt. Taihaku 
the Shohakusan range extends SW and there are several parallel] ranges 
and rivers on its northwest side. 

In summarizing these facts it can be said that the strong fault- 
ings were repeated sometime in the interval from late Cretaceous 
to early Palaeogene at one time and in the middle Tertiary period 
at another through which the faulted mosaic was brought about. In 
Koreo-Manchuria some of the faults are normal but some others are 
reverse. They produced some grabens and horsts. In northern Kyushu 
and adjacent Chugoku the Palaeogene formations form basins or synclines 
with axes running in NW to NNW directions. Faults of the same 
trend are predominant there and these cut the Palaeogene (MATSUSHITA, 
1950). It is remarkable that the western block is displaced to the 
south for a long distance along some of these faults. . It is quite evident 
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that there was a middle Tertiary faulting, but there may have also 
been pre-Miocene faulting, because the basement appears to be more 
displaced than the Palaeogene formations. 

The block movement was accompanied by voleanic eruption. In 
the Kishu-Meisen graben there are the Ryudo alkaline basalts and 
the Shichihosan voleanics respectively before and after the middle 
Tertiary faulting. The crustal movement after the Shichihosan vol- 
canics was not so strong as that before them. On the Gaima plateau 
and the east Manchurian mountains to the north of it plateau basalt 
is extensive on the Roppyakusan plane. The younger basalt flows fill 
the valley carving the high plane and carved by the present stream. 
The Genzan-Keijo 'rift valley is also filled by basalt flows. Basalt 
patches aligned on the east and west sides of the Sichota Alins are 
probably related to the Tertiary block movement. 

In the Oki islands in the sea of Japan calci-alkaline rocks were 
effused earlier and alkaline rocks later in the Neogene and later 
period (Tomira, 1936). In northern Kyushu and adjacent Chugoku 
middle Neogene and later basalt cones and flows are noted (MATSUMOTO, 
1952) to be distributed in three equatorial rows en échelon, and the 
more northern ones are located more to the east. It was also noted 
by Tsuya (1984) that basaltie cones in Chugoku are distributed in the 
depressions of the Chugoku batholithie mass. The Hakusan voleanic 
zone runs to the west from Mt. Tateyama along the coast of the 
Japan sea, but abruptly turns to the south in western Chugoku. 
These facts, as a whole suggest the shifting of the western terminus 
of the Japanese arc to the south. 

In the Gaima plateau there is alkali-trachyte of Mt. Hakuto which 
was effused after the plateau basalt. It may be combined ‘with the 
alkaline rocks on the Utsuryo and Saishu islands in the Peri-Korean 
voleanie zone. 


7. The Peri-Tunghai tectonic zone and its Flankenkettung 
with the Japanese are in Kyushu 


As noted by Koto, the tectonic development of the Korean trend 
is younger than those of the Liaotung and Sinian trends which are cut 
by the former. Through later investigations in Korea and Manchuria 
it has been well ascertained that the equatorial elements are as a rule 
older than those of meridional trend or those diagonal to the equatorial 
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ones. More precisely, there was the Mongolian geosyncline between. 
the Angara Urkraton and the Chinese Heterogen which was disturbed 
at first by the middle Palaeozoic orogeny on the northern side and 
widely oronized later by the Akiyoshi cycle of orogeny and the Mon- 
golian batholithie invasion. Therefore the Mesozoic formations rest 
on either the folded or metamorphosed Palaeozoic Mammo group or the 
granitized basement (KOBAYASHI, 1942). The Amur geosyncline was a 
relic of the Mongolian geosyncline which was not completely oronized 
until the Sakawa orogenic cycle (KOBAYASHI, 1942). The Heinan geo- 
syneline and certain other depressions were strongly deformed by the 
Akiyoshi orogeny, but the deformation was incomparably weaker as 
compared with that of the Sakawa orogenic cycle through which the 
whole Chinese Heterogen was deformed and granitized by the Chugoku 
batholithic invasion. Faults, flexures or warpings rectangular or 
diagonal to the preceding equatorial lineament took place after Eastern 
Asia had thus oronized. 

The Great Khingan range with the gentle back slope on the 
Mongolian side and the Koreo-Manchurian land with that on the side 
of the Yellow sea and the central Manchurian plain are two of the 
Landstaffeln so-called by RICHTHOFEN. They are products of the post- 
Sakawa fragmentation or anoronization. SUESS’s opinion that the 
architecture of Asia was instituted distally from the Angara Urkraton 
is however not erraneous, if one sees the oronization. The Cainozoic 
Oyashima disturbance was strong in the more distal part. Therefore 
SUESS’S opinion is correct for the oronization of Asia and go is 
RICHTHOFEN’s for its anoronization. The latter follows the former, the 
latter begins earlier in the interior than in the periphery of the continent. 

The peninsular outline of Korea is an outcome of such an an- 
oronization. Its construction may have begun with the block movement 
along the Korean are. But the two cycle mountains of Korea were 
introduced by upheaval after the Roppyakusan peneplanation. The 
upheaval was most remarkable in the middle Miocene, but since then 
intermittent lesser upheavals were repeated some four times, as will 
be discussed later in detail. 

The Hei-Liao divide runs across east Manchuria. Another auxiliary 
axis of elevation on its northeast side is separated from the divide by 
the Kirin-Tansen zone of depression. They are all parallel to the 
Korean are. The coast line in Southeastern Korea and the Tsushima 
islands suggest a faulting of dominantly NNE trend. In northern 
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Kyushu and adjancent Chugoku there are several facts on the fault 
system, the distribution of basalt and voleanic zone, which suggests 
the Blattverschiebung of the western side to the south. The Palaeogene 
and Cretaceous formations in the Amakusa islands are folded with 
the main axis in the NE direction, but in central Kyushu the axis 
of folding gradually becomes parallel to the zonal structure of the 
outer zone of West Japon. 

To the south of the Sakawa mountains there is the Nakamura 
folded zone which was produced by the middle Tertiary Oyashima 
disturbance. The zone is abruptly bent to the south in southern 
Kyushu and extends to the outer chain of the Ryukyu islands. It is 
intruded into by the Tertiary granite. Its exposures are aligned in 
parallels through Kyushu, Shikoku and Kii peninsula. The middle 
chain of Ryukyu is the extension of the Sakawa mountains because 
there is Permian formation and late Mesozoic granite. The inner 
chain consists of voleanie isles which belong to the Kirishima volcanic 
zone. The rim of the east China shelf is deeply sinuated to the west 
of Kyushu. Because the sea repeatedly ingressed along this trend in 
the Mesozoic and later periods, the initial depression may have existed 
already in the Cretaceous or even in the Jurassic period. 

As discussed in my ‘‘ Sakawa Cycle,’’ the Ryukyu islands as well 
as the Pacific coast of West Japan strongly suffered from the middle 
Tertiary orogeny. This disturbance was accompanied by the Tertiary 
granitic intrusion. The outer chain. of Ryukyu represents the axis 
of the Oyashima.orogeny which extends through the projectiles of 
West Japan and runs into Central Japan. If the peri-Tunghai arc is 
taken as a tectonic unit as was done by Koro, its northern wing was 
anoronized and its southern wing oronized. RICHTHOFEN’s Fanken- 
kettung of this are with the Japanese are is made in Kyushu by the 
Nakamura folded zone and its Amakusa branch between which the 
Sakawa mountains are wedged. 

The Ryukyu are inclusive of Kyushu, however, may have drifted 
to the south. The southern shifting of the western block and the 
related voleanism seen in West Japan must be due to drifting. As 
suggested by ToKUDA (1926) the festoon islands of Ryukyu and proba- 
bly Japan slided or drifted toward the Pacific side. By its tension 
South Korea was cut by step-faults with their down throws on the 
side of the Tsushima strait as shown by the Hansan fault system. 
The Tsushima islands are horsts in the sunken Tsushima strait. 
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CHAPTER II 
Geology of South Korea 


1. Outline of South Korea 


The Yokusen orogenic zone runs across South Korea diagonally from 
Zenra-nando to southern Kogendo, having breadth of 40-50 km. between 
the Keiki massif on the northwest side and the Reinan massif on the 
other side, and the Tsushima basin lying farther to the southeast. 

To the north of the Keiki massif there is the Heinan orogenic zone 
of North Korea. The massif is composed of the Rensen metamorphic 
system with the Kokulian granite intruding into it. These Pre-Cam- 
brian rocks are exposed extensively, but near the coast of the Yellow 
sea strips of older Mesozoic formations are found in the environs of 
Kimpo and Rampo. Cretaceous intrusive rocks are widely distributed 
but the extrusives are not so extensive in the massif. On the side of 
the Japan sea there is a small older Tertiary basin at Tsusen. The 
Genzan-Keijo rift valley or the Shukarei graben in NNE trend runs from 
the eastern end of the Heinan orogenic zone to the southwestern end of 
the Keiki massif. The massif is bisected by this valley into the eastern 
and western blocks. Basalt is effused along this rupture. The Yokusen 
orogenic zone can be divided into the northeastern and southwestern 
parts in the vicinity of Chushu and Bunkei. The limestone plateau of 
Kogendo extends from the southwestern part of the Yokusen zone to the 
Chuhosan block. There is an extensive display of the great Cambro- 
Ordovician limestone formation. The Pre-Cambrian basement, however, 
is exposed at Chuhosan and a few other places in the limestone plateau. 
While the Chosen and Heian systems are strongly disturbed in the Yoku- 
sen zone, on this rigid basement they are not much deformed. The Chu- 
hosan block is a fragment of the Reinan massif which is detached by the 
Hakuunsan syncline from the Taihakusan block in the south. While there 
is no Palaeozoic formation on the Tathakusan block, the Chuhosan block 
is covered extensively by the Chosen system, because the latter block 
has a subsiding tendency in contrast to the former. The Chosen and Hei- 
an systems are well developed in the Hakuunsan syncline and its 
adjacence. 

On the west side of the Chuhosan block there is the older Mesozoic 
Bansho series which overlies the two systems generally with disconfor- 
mity and extends far to the southwest into the Bunkei district. These 
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Figure 4. Tectonle Division of South Korea 


Hiroe bg hoes oo & 


Heigen block 

Angaku fault 

Reiseiko valley 

Kimpo graben 
Gensan-Keijo rift valley 
Rampo faulted area 
Koshu graben 

Hido, Chinan and Wajun grabens 
Kiyo fault-angle basin 
Anto upthrust 

Gijo wedge 

Urusan zone 


three formations are pre-orogenic. 
on the east and southeast sides of the Chuhosan block and the Sanchoku 
Miocene on the east side of the block are post-orogenic formations. Be- 


side these there are various igneous rocks, mostly products of Cretace- 
ous igneous activity. 
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The middle Cretaceous Shiragi series 
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The southwestern part of the Yokusen zone is largely occupied by 
a complex of metamorphic rocks called Yokusen or by other names. 
On the lateral sides of this part there are Cretaceous formations. In 
other words, there is a short strip of a Cretaceous formation at Koshu 
on the northwest side. Another Cretaceous formation on the other side 
forms a larger and much Jonger belt, or the spatulate basin so-called 
by Koto. The Cretaceous igneous group including the Bukkokuji 
granitic rocks is more extensive in this part of the Yokusen zone 
than in the limestone plateau of Kogendo. 

The Reinan massif is divided into the northeastern and southwest- 
ern parts by the Gijo wedge of the Cretaceous Kyoéngsang group. 
The above mentioned Taihakusan and Chuhosan blocks are in the 
former part. The latter part is called here the Tokuyusan block after 
Tokuyusan 1,508m. above the sea. The Pre-Cambrian basement of 
this block is largely composed of grey granitic gneiss. It is intruded 
by granitic rocks. Furthermore there is a Cretaceous formation 
fringing the southwestern margin or filling the intermontane basins 
at some places. 

As mentioned above, the Chuhosan and Taihakusan blocks are 
intervened by the Hakuunsan syncline. This fragmentation commenced 
in the middle Triassic Shorin phase and almost completed by the late 
Mesozoic Taiho disturbance. Subsequently the Japan sea side of this 
region was deformed. The Taipaikusan dislocation line denominated by 
Koto (1908), however, is not a simple tectonic line but a zone of 
fault mesh. Because the dislocation of this zone is related to the 
deformations of Kyushu and the Ryukyu islands, Koro (1916) proposed 
Peri-Tunghai disturbance as the collective term for the Mesozoic and 
later disturbances in these places which are aligned en échelon and 
form a grand are as a whole. Tertiary formations of Sanchoku, 
Neikai and Keishu provide important materials for the study of this 
disturbance. 

In the southeastern part of the Taihakusan block, there is the fault- 
angle basin of Hiyo. Like the Gijo wedge, there are the Naktong 
and Shiragi series. The two are combined into the Kyongsang group, 
their approximate equivalents on the Japanese side being the Wakino 
and Inkstone series respectively. The depression where the Kyongsang 
group has deposited is the Tsushima basin so-called by Koto, the wedge 
of Gijo being its northwestern projection. 
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Table 3. Stratigraphical sequence of South Korea 


Geological Keiki Yokusen Reinan Tsushima Geological 
age massif zone massif basin events 
Pliocene Seikiho 
SS SS —________. | 
Sanchoku Ennichi 
Mi 2nd } i 
ae Bonkokuri ba 
| “we 
a g§ 
Tsusen Choki , Ba 
| 28 
, yr 
Palaeogene roe J a3 
Taishu Chugoku 
ae granite 
Bukkokuji 
Cretaceous Be eS POE 
Shiragi Shiragi Shiragi 2 Bp 
(Naktong)|~————S—~—~CS=«YS Nato o § 
Jurassic 
iS) 
id ‘= | Bansho 
Triassic ae Shorin 
g 1 disturbance 
Permian g Heian 
————E———EEEEEe o ee 
Carboniferous = 
eve wee ee r= 
Devonian 2 Epi-Rakuroan 
i interval 
Gotlandian a | 
Ordovician | 
Cambrian [ Chasen 
e3 Kokulian 
Pre-Cambrian| Rensen Taihakusan granite 


2. The limestone plateau of Kogendo and a history of its 
geological research 


The so-called limestone plateau of Kogendo lies mostly in southern 
Kogendo, but a part belongs to northern Keishodo. The great Cambro- 
Ordovician limestone formation extensive there forms a limestone 
plateau. But there are all kinds of formations in South Korea, the 
only exceptions being the Naktong, Choki and Bonkokuri series. 

The geological outline of this region was first figured out by 
NAKAMURA in his survey of mineral resources (1924). Subsequently 
SHIRAKI surveyed the coal-fields (1922, ’33, ’40). KoBayasHI (1927-1949) 
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made geomorphological and geological studies in cooperation with his 
students. There are in addition YAMANARI’s survey of the Girinkitsu 
and Heisho sheet areas (unpublished), KoBaTAKE’s survey of Tanyo 
and Bunkei coal-fields (1980, 742, ’47), NAKAZAWa’s study of Sori area 
(unpublished) and several others. As a result the geologic structure 
of about a half of the plateau became well known. 


The history of the plateau can be briefly summarized as follows: 

(1) The Chosen and Heian groups of formations are deformed together with the older 
Mesozoic Bansho series in the Yokusen orogenic zone and on the Chuhosan massif. 
There can be seen various aspects of geologic structures and their mutual relation. 

(2) Subsequent to the compressive deformation the Cretaceous Shiragi series was de- 
posited in the eastern plateau. There arose a block movement which is related to 
Cretaceous igneous activity. Asa result the Taihakusan dislocation zone was brought 
about. 

(3) Later the Roppyakusan plane was brought into being by the Palaeogene pene- 
planation. Still later, there took place an asymmetrical geanticlinal upheaval, caus- 
ing the revival of erosion which dissected the high plane. New low planes produced 
on the east and west sides of the older one are respectively called the Reito and the 
Rishu plane. The two cycle mountains of the Korean peninsula were thus intro- 
duced. The Neogene formation of Sanchoku is a deposit at the beginning of the 
latter erosion cycle. The eastern plateau region is therefore the crucial point in 
deciphering of the history of the topographic development of this region. 


These subjects are dealt with in this chapter in great detail. 
There are important coal-fields and various metal mines, but their 
description is left out. 


3. Geological sequence of the Kogendo limestone plateau 


The Pre-Cambrian basement complexes are exposed in the Keiki land 
on the northwest side of the Yokusen geosyncline and in the Reinan 
land on its southeast side. The Rensen system and Taihakusan series 
is the metamorphosed sedimentary rocks respectively of the Keiki and 
Reinan massives. Detached from the extensive display of the Pre- 
Cambrian complex in the Taihakusan block it is exposed around Chu- 
hosan fairly extensively and a few small patches are met with at 
Buryori and other places. 

The Taihakusan series in the Taihakusan and Chuhosan blocks is 
mostly composed of mica-schist, but limestone is contained in a small 
amount. These are two characteristics of this Pre-Cambrian formation. 
It is intruded by Kokulian granite and later by acidic dykes contain- 
ing large crystals of tourmaline. In the vicinity of Mt. Chorokuganho, 
for example, the Cambrian basal conglomerate can be seen clearly to 
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overlies the mica-schist. At Koka, Kurairi, Jotomen, Neietsugun the 
strike of Taihakusan series forms an angle of about 60 degrees with 
that of the Sohsan quartzite at the base of the Chosen system; a clear 
cut angular discordance can also be seen near Ryokudenri, Jotomen, 
Neietsugun. In some other places the bedding planes of the superjacent 
Sohsan quartzite and the subjacent Taihakusan mica schist are nearly 
parallel to each other. The Taihakusan series in the south of Taiki, 
Jotomen, is not much metamorphosed. 

The Pre-Cambrian complex around Chuhosan is not well explored, 
but near Buryori it is known that the Sohsan quartzite of the Chosen 
system overlies the wavy surface of the Pre-Cambrian basement which 
is composed chiefly of sericite schist and garnet granite intruding into 
it. The difference between the bedding plane of the quartzite and 
the schistosity of the schist is not large, To the west of Heisho there 
is the Shoho schist formation in the basal part of the Chosen system 
which is composed mostly of mica schist and quartz schist beside some 
marble. It overlies the southeastern rim of the Keiki land which 
consists mostly of granitic gneiss, but where the Shoho formation 
overlies the mica-schist member of the gneiss group, their boundary 
is as yet obscure because the difference in the bedding, schistosity 
or the grade of metamorphism appear slight. 

As it was in the other parts of Korea, the Chosen system in the 
plateau used to be classified into the lower or the Yotoku series and 
the upper or the great limestone series, but this classification was 
abandoned and a new classification established in the vicinity of Tai- 
hakusan (KOBAYASHI, 1980). There the Cambrian and Ordovician form- 
ations are about 850m. and 450m. thick respectively. Later it was 
found that this standard sequence in the Hakuunsan syncline which 
is called the Tsuibon type, merges with that in the Yokusen geosyn- 
cline (KOBAYASHI, YOSHIMURA, IwAya and HuKkasawa, 1942). Because 
the detailed stratigraphic description of the Chosen system is planned 
to be compiled in a near future, here the classification is shown in 
Table 4. 

It is noteworthy that the Doten quartzite at the base of the 
Ordovician and the intraformational conglomerates above and below 
the quartzite and also the middle Ordovician Chikunsan shale, all 
generally seen in the Hakuunsan syncline and on the Chuhosan block 
die out toward the geosynclinal zone. In the Neietsu type of sequence 
in the axial zone of the geosyncline the base of the Chosen system 
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is not exposed, but it has been noted (1) that shales form a very 
thick early Middle Cambrian formation, (2) that black shales and 
cherty rocks occur in the late Middle and Upper Cambrian and (8) 
that the Doten quartzite and the Chikunsan shale are replaced by 
caleareous facies. There is no sign of intrageosynclinal voleanism in 
the Chosen system. The faunas so far described are mostly from the 
Hakuunsan syncline. 

The Chosen system is overlain by the Heian system almost always 
para-unconformably. (See figs. 4—5 on pl. I) At the clear-cut contact 
between the Chosen and Heian systems as seen at Doten, Jochomen, 
Sanchoku-gun, and several other places, there appears to be some 
difference in their bedding planes at the point of actual contact, but 
no place is known where the base of the Heian system lies on the 
Chikunsan shale and the Tsuibon limestone between them always 
measures 50m. or so. Therefore there is no uncertainty about the 
para-unconformable relation between the Chosen and Heian systems. 

The Heian system is classified into the Koten, Jido, Kobosan and 
Greenstone series in ascending order. The Koten series here is dif- 
ferent from that in North Korea in the frequent occurrence of con- 


Figure 5. Columnar sections showing the variation of facies and thickness of the 
Heian system and the index map showing the localities of the sections. 


Neietsu (1) Seizen (2) Sanchoku (8) 


(1) Diagrammatic sections 1-3 showing the variations of facies and 
thickness of the Heian systen. 
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(2) Diagrammatic section 3-5 showing the variation of facies and 
thickness of the Heian system 
Bunkei (5) Girinkitsu (4) Sanchoku (8) 
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(4) Columnar sections showing the variations of facies and thickness 


of the Heian group. 
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glomerate or conglomeratic sandstone in the basal part. (See fig. 6 
on pl. I) Several layers of limestone are intercalated in its lower 
part. The thickest limestone layer attains 60m. in thickness near 
Neietsu. While sandstones and shales are variegate in this series, 
black colour is predominant in them in the Jido series and especial- 
ly in its upper part. The lower Jido or the Taiyuan series contains 
limestone layers and lenses. The two series are especially thick near 
Neietsu where limestone facies is well developed. The upper Jido 
or Shansi series is the main coal-bearing formation. In marked con- 
trast to the Jido series cliff-making light-coloured quartzite and 
quartzose sandstone are prevalent in the Kobosan series. Thin coal 
seams are found therein and shales are intercalated in these quartzose 
beds. The Greenstone series is a formation of tremendous thickness 
and consists in the main of frequent alternations of green or grey 
eoloured sandstone and shale, but conglomerate and liparitic flows or 
tuffaceous beds are sometimes intercalated. 

The Koten series is 200 to 300m. thick, the Jido 100 to 450m. 
thick, the Koboson 300 to 700m. thick and the Greenstone series is 
over 2500m. in thickness in the vicinities of Kariosan and Hotokonri- 
san. Although the Greenstone series is barren of fossil, the three 
others are fossiliferous. Plants were described by KAWASAKI (1927, 
84, ’89) jointly with KoNNo (1932) in part; foraminifers from the 
Koten and Jido series were studied by HatakE (1939); and a few 
naiads, a xiphosuran and a phyllocarid described by KoBAYASHI (1988, 
37). All the others have not yet been thoroughly investigated, but 
in a preliminary observation YOSHIMURA (1940) noted that the marine 
Koten fauna is allied to those of the Penchi series in North China 
as well as the Weining series in South China and that its age must 
therefore be Moscovian. The marine fauna of the lower Koten shows 
affinity to those of the Taiyuan series in North China and the Maping 
series in South China; its age is therefore Sakmarian. No Uralian 
fossil was found either in the Koten or in the Jido series. Never- 
theless no stratigraphical break can be seen between the two series. 
The Jido and Kobosan floras are quite different from each other and 
different opinions have been expressed on their ages. I (1952) am of 
opinion that the principal part of the Jido flora is about Artinskian 
to Kungurian and that the Kobosan flora is accordingly mostly Kazan- 
ian to Tatarian in age. 

The Koten and the Taiyuan series are marine. Subsequent to 
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the retreat of the Sakmarian sea the main coal measures were de- 
posited, in a warm and humid climate, in the Shansi epoch. The 
Kobosan series is a deposit in a warm and arid inland climate. The 
aridity became higher in the Greenstone epoch which is a deposit 
in a barren land. The great thickness of the Greenstone reveals 
* geosynclinal subsidence. The Heian system is more than 4,000m. at 
its thickest and more than a half of the thickness is occupied by the 
Greenstone series. Subsequent to its sedimentation the geosyncline 
suffered its primary deformation. 

Through the deformation of the Middle Triassic Shorin phase the 
Yokusen geosyncline was differentiated into an embryonic anticline 
and a syncline respectively on its northwestern and sotheastern side. 
These folds were gentle but probably in the form of an anticlinorium 
and synelinorium. The depression of the latter was the Bansho lake 
where the Bansho series, a member of the Daido group, was deposited. 
It consists of shale, sandstone and conglomerate in addition to some 
lava flows and thin tuff layers. Conglomerates are common in the 
lower part but recur near the top at a few places. Volcanic materi- 
als are found at Bansho, Jotomen, Neietsu-gun and a few other places. 
Though there are andesitic or basaltic rocks, liparite is more common. 
Although there are some reddish quartzose sandstone in the Bansho 
series, sandstone is generally gray or bluish in colour. Shales are 
commonly dark red and poor coal-seams intercalated in them. Plant 
fossils occur at several places in the shale and sandstone and are 
described by KawaSAKI (1925, 26, 29). The flora is of the so-called 
Rhaeto-Liassic type and Clathropteris meniscoides is contained as a 
member of the Dipteridaceae. Naiads from the Bansho series have 
not yet been closely studied. 

Within the triangle with Seizen, Neietsu and Girinkitsu at its 
apices the Bansho series is 400m. at its thickest. Incidentally it 
overlies various formations from the Kobosan series to the Tomkol 
shale. Clino-unconformty at the base of the Bansho series was ob- 
served at Nanteiri, Jotomen by YosHmmurRaA (1940) and at Manchido, 
Neietsumen by Iwaya (1952), but in most other places the base is 
marked off by disconformity. The basal plane is somewhat undulated 
at Kwantakusan and some other places, but it is generally even. 
The thickness of the basal conglomerate, the rock kind, shape and 
size of the boulders of the conglomerate and the relation of the con- 
glomerate to its basement vary greatly within the triangular area, 
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From these variations the following facts are deduced : 


(1) The Chosen and Heian groups were gently warped up and down in the first 
Shorin phase. 


(2) The Heian group and the upper Chosen group were extensively eroded, but the 
Chosen group was capped by the Heian at many places ; 


(3) Subsequently there took place a wide down-warping in the second Shorin phase 
through which the Bansho lake came into existence. 


(4) Sediments transported from the surrounding mountains by rivers were deposited 
and the basal conglomerate was formed. 

In the Tanyo district to the southwest of the triangular area the 
Bansho series is much thicker. According to KoBATAKE the lower 
conglomerate measures 850m. and the upper alternation of sandstone 
and shale 2,000m. at its thickest. In the Bunkei district farther to 
the southwest the thickness of the lower conglomerate varies from 
70m. to several hundred meters and that of the upper alternation 
attains 1000 m. 

Limegtones are seldom found in the basal conglomerate of the 
Bansho series. Their occurrences are restricted to a few localities. 
All other materials of the series were derived from the Heian group. 
No gneiss is contained in it. It is therefore certain that the moun- 
tains surrounding the Bansno lake were composed mostly of the Heian 
group. While the lower conglomerate was supplied from the rugged 
mountains after the Shorin phase, the great thickness of the upper 
alternation shows the strong subsidence. The complicate geologic 
structure was produced later by the Taiho disturbance. 

The Shiragi series is a basin filling on the already deformed 
Yokusen zone. It is distributed from the northeast side of Taihaku- 
san toward Sanchoku along the Japan sea. In the southern part it 
is most extensive from Kochiri, in Jochomen, to Shotatsumen and is 
divided by SHIRAKI (1940) into the lower or Sekikakuri beds and the 
upper or Koki beds. The lower division is a red formation composed 
of conglomerate and sandstone, the former being more predominant 
in. its lower part and the latter in its upper. Boulders in the con- 
glomerate which were derived from its basement are round and com- 
monly about 12cm. across. False bedding is frequently seen in the 
sandstone. Red shales are intercalated in the beds. At Kochiri there 
is a red conglomerate at the top of the division, the cementing 
material being tuffaceous. This division measures 250m. at the thickest, 
but its thickness at some places lessens abruptly to about 60m. It 
covers a very uneven erosion plane of the Greenstone and older for- 
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mations discordantly. The Koki beds are mostly composed of white tuff 
and bluish white tuffaceous shale and attains a thickness of more than 
250m. At Shinpori in Shotatsumen there is a black shale layer near 
the base which yielded Zamites sp. The Shiragi series is undulated 
with a dip of 5 to 25 degrees, seldom inclining more steeply. 

According to K. KopAYASHI (1947), the Shiragi series in Miromen 
in the northern part is variable in facies. At Dobahyo there are 
white tuff in the lower part, coaly shale with coal seams in the 
middle, and alternations of tuff and dark green basaltic flow in the 
upper part. At Kosenri there are basaltic flows in the lower part 
and tuff and reddish purple conglomerate in the upper part. At 
Sankori a basaltic flow lies on reddish purple conglomerate. It was 
further noted that the discordance at the base of Shiragi series was 
not very angular there. The above mentioned basaltic rocks are 
mostly subaqueous lavas of olivine metabasalt. Dobahyo liparite 
which intrudes into the Shiragi series contains numerous xenolithes 
derived from the basement formations including the basalt. 

There is the Sanchoku Neogene farther to the northeast. On 
the west side of this basin it begins with talus debris covering a 
straight limestone cliff, but it overlies the Dobahyo liparite in the 
south and the Chosen group on the southeast side with unconformity. 
The series in the southwestern part consists mostly of fanglomerate 
derived from the liparite, the gravels of which are largest at Joshi- 
tonri. Toward the opposite side it merges with alternations of sand- 
stone and conglomerate. Clayey facies is developed farther to the 
northeast where diatomaceous earth is intercalated. This facies yields 

Carpinus japonica BLUME. 

Quercus efr. drymeia UNGER. and 

Trapa efr. yokoyamat NATHORST 
besides indeterminable Acer, Fagus, Sequoia and other plants and 
Viviparus and Anodonta. The age of the Sanchoku series may be late 
Miocene. There are coastal and fluviatile terraces of younger age. 

Besides these there are various igneous rocks. To the southwest 
of the Sanchoku district there is a granitic mass of Tenonji which is 
composed mainly of biotite granite. Similar granite in addition to 
granite-porphyry and quartz-porphyry is known to exist also to the 
north of Sanchoku and on the northwest side of the Chuhosan block. 

In the south wing of the Hakuunsan syncline there igs hornblende 
biotite granite near Ribokuri, Jotomen. At Ohyo, Jochomen to the 
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east there is granite porphyry intruding into the Chosen system. 
Farther east there is a diorite mass to the south of Renkwaho which 
intrudes into the Sohsan quartzite and granite gneiss and forms con- 
tact deposits in the limestone above the quartzite. Granite porphyry 
east of Mensan forms a long belt and it was ascertained in its NNW 
extension that it intrudes into a fault. West of this zone there is 
white quartz-porphyry or liparite of Hakuheizan with a flow structure. 
Its distribution is related to that of the Shiragi series and its lithic 
aspect is similar to the liparite of Dobahyo. Quartz-porphyry of 
Hukutokusan in Tatsutokumen is reddish gray and reveals a porphy- 
ritic structure. It intrudes into granitic gneiss and, in association 
with the Sekikakuri conglomerate, is cut by a N-S fault. Quartz- 
porphyry of Hakuheisan on the other hand did not suffer from any 
block movement. 

There are in addition biotite hornblende granite at Hahyori, ' 
south of Seizen, and biotite granite near Heisho. Granitic rocks are 
more extensive in the Tanyo and Bunkei districts. There are also 
various dykes of lamprophyre, felsite, quartz-porphyry, porphyrite, 
basalt and trachybasalt all of which came after the Taiho disturbance. 
The conclusion is warranted that a part of them, the quartz-porphyry 
of Fukutosan and Dobahyo liparite, for example, are nearly contem- 
poraneous with the Shiragi series. Judging from the general history 
of South Korea a larger part of the acidic rocks is thought to belong 
to the late Mesozoic Bukkokuji igneous group. But there may be 
some Tertiary igneous rocks. 


4, Geologic structure of the Kogendo limestone plateau 


The Yokusen orogenic zone is, as mentioned already, divisible 
into two parts near Chushu and Bunkei, namely, the metamorphosed 
southwestern part and the non-metamorphosed northeastern part. 
While the late Mesozoic granitic batholith is extensive in the former, 
the exposure of the batholith is restricted in the latter. There is a 
great limestone formation in the latter and on the Chuhosan block. 
Accordingly karst topography is well developed in the limestone 
plateau. The Yokusen zone in the western part of the plateau is 
about 40km. in breadth from northwest to southeast and reveals a 
typical imbricated structure. In the eastern limestone plateau the 
breadth measured from north to south is expanded toward the east, 
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Figure 6. Tectonic map of the Kogendo limestone plateau. 
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2 Koryo 12 Chushu 22 Yohosan 
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4 Hotokonri 14 Tanyo 24 Kochiri 
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6 Heisho 16 Bunkei 26 Sanchoku 
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8 Seizen 18 Tsuibon 28 Neikai 
9 Sori 19 Bataisan 
10 Neietsu 20 Shohakusan 
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because the southern margin of the limestone plateau swerves toward 
the east and then toward the southeast. In the northeastern termi- 
nal part the Heian system forms a large synclinorium of Hotokonri 
where the best display of the Greenstone series is seen. On the 
southeast side of this synclinorium there are some domes, the largest 
being the Chuhosan dome where the Pre-Cambrian basement is ex- 
tensively’ exposed. A gentle brachyanticline through Gaganri and 
Buryori has a northeast axis. The Seizen imbricated zone is located 
on the south side of the Hotokori synclinorium and on the west side 
of the Chuhosan dome and’ of the brachyanticline of Gaganri and 
Buryori. 

To the west of this imbricated zone there is the Netetsu antic’t- 
norium which terminates near Sanposan in the north. On the north- 
west side beyond this anticlinorium there is the Heisho zone. The 
Neietsu anticlinorium is highly complicated by numerous thrusts. 
It is delimited by the Koswin thrust on the southeast side. (See fig. 
2 on pl. I.) The zone between this thrust and the Tokuhori thrust 
which is the most complicated, is the Seizen zone which expands 
northeasterly but narrows in the other direction. 

Between Tanyo and Bunkei there is the granite mass of Doraku- 
san and’ Shukitsusan. Though interrupted by them, the correlation 
of the tectonic elements on the two sides of the mass may be ascer- 
tained with some degree of certainty. The middle zone of Bunkei 
district which is called here the Bunker zone is considered to cor- 
respond to the Seizen zone. The Bunkei zone is thrust upon by the 
Yokusen metamorphic group of the northwestern zone and thrusts 
itself upon the Shinkiri zone on the southeast side. The pre-Taiho 
formations in the last mentioned zone is as a whole monoclinal toward 
the northwest and in most places separated from the Pre-Cambrian 
rocks of the Reinan massif by the Tenson fault. 

In the Tanyo-Hishun district the monoclinal Chosen system lies 
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on the Pre-Cambrian basement discordantly. This is undoubtedly the 
extension of the Shinkiri zone which, however, virgates into a series 
of folds and thrusts to the north of Bataisan. An eastern branch of 
this virgation is the Hakuunsan syncline the axis of which is in its 
western half convex toward the north with Tsuibonsan as its front, 
but in the eastern half the convexity is on the other side and in the 
east of Kanpakusan-the syncline is cut by the Kanpakusan fault. On the 
north side of this part of the large syncline there is the complicate 
structural basin of Yohosan. Its southern and eastern borders reveal 
a typical Schuppenstruktur. The Chosen system therefrom to Sanchoku 
in the north is not much deformed. It is gently undulated and cut 
by faults. 

The block movement is very strong on the eastern side of the 
Kanpakusan fault. In the zone between this fault and the coast of 
the Japan sea there are many faults in NE-SW, NNE-SSW, and N-S 
directions: Some faults run inan ENE-WSW or even E-W direction. 
The zone to the east of the Kanpakusan fault has thus suffered from 
the complicated block movement strongly. The faults are by no means 
all parallel to one another nor do they run along the Korean arc as 
noted by Koto. The Pre-Cambrian basement is exposed along the 
coastal line. 

In the vast terrain on the west side of the Kanpakusan fault, 
however, most of the faults cutting the folds or thrusts are insigni- 
ficant. However, there is a large fault running in a NNE trend to 
the east of Heisho. The northern part of this fault forms the boun- 
dary between the Heisho syncline on the west and the Chodori basin 
of the Hotokonri synclinorium s. J. on the east side and its southern 
prolongation bisects the Neietsu anticlinorium. On the northwest 
side of the fault are the Shobo upthrusts with an ENE trend. Beside 
those, faults running in NW to WNW direction are found at some 
places. These are minor faults but the Chikurei fault in the Tanyo 
district isa significant one. On the south side of the western Haku- 
unsan syncline is the Gyokudo fault in the E-W direction. 

The Chosen and Heian systems are widely distributed, but the 
Greenstone series is restricted to the northeastern and eastern parts 
of the plateau. The Bansho series occurs in the Seizen imbricated 
zone and its southeastern adjacence. The distribution of the Shiragi 
series is confined to the east side of the Kanpakusan fault, and the 
Neogene to the vicinity of Sanchoku. 
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a. Bunkei district. (Figure 7) 


This part of the Yokusen orogenic zone is embraced by granite 
on the northern, western and southern sides. In the northwestern 
part of the district there is the Jonairi thrust group and the Sekken 
thrust group on the other side. By these groups of thrusts the part 
is divided into three belts. The southeastern belt called Shinkirt 
zone consists of the Chosen and Heian groups and the Bansho series. 
The first of the three is overlain by the second para-unconformably 
and the second by the third disconformably. These formations are 
monoclinal in general, but as seen near the Bunkei coal-mine, the 
structure is complicated at some places in the northwestern part of 
the belt. It is a remarkable fact that the Koten series thrust itself 
on the upper Chosen group over a distance of more than 1 km. near 
Indo. In the northern part of the zone the Chosen group is found to 
overlie the Pre-Cambrian basement on the southeastern side, but in 
the southern part the two are separated by the Tenson fault. The 
Taihakusan series there consists mostly of biotite schist and quartz 
mica schist and thin layers of quartzite and crystalline limestone are 
intercalated in them. 

The middle belt is the Bunkei zone which is mostly composed. of 
the Chosen group, but there are in addition a small brachysyneline 
of the Bansho, Jido and Kobosan series near Todonri, a narrow strip 
of the Greenstone series of Hoshodo and a few other strips of the 
Gyokujoho formation of unknown age. In the so-called Hoshodo 
quartzite formation by SHIRAKI red or dark brown slate and dark 
brown, partly green, sandstone are leading members, only a relatively 
small amount of quartzite being contained. SHIRAKI (1934) considered 
the formation to be Upper Cambrian, but KoBAYASHI and Aori (1942) 
are of the opinion that it belongs to the Greenstone series (inclusive of 
the Taishiin series in North Korea), if not to the Bansho series. The 
Gyokujoho quartzite formation which SHrrakt referred also to Upper 
Cambrian is composed chiefly of red shale and partly of red or dark 
blue sandstone. As it is similar to the Koten series in its lithic 
aspect, it probably belongs to the Heian group, if not to the Bansho 
series. 

The Hakkwasan zone on the northwestern side is composed mainly 
of Yokusen metamorphic rocks with sheets of gabbro among them. 
They are capped by the lava of Hakkwasan liparite.. NAKAMURA took 
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Figure 7. Geological map of Bunkei district 
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1 Bunkei 11 Northern part of 16 Indo thrust 
2-5 Jonairi thrust group Katsudenri thrust 17 Tenson fault 
6 North Homei thrust 12 Todonri basin 18 Tenson 

7 South Homei thrust 13 Klippe (?) of Gyokujoho 19 Shinkiri 

8 Gaiori thrust 14 Sub-Sekken thrust 20 Hakkwasan 
9 Sekken thrust 15 Southern part of 

10 Hoshodo strip Katsudenri thrust 


the Yokusen for a Pre-Cambrian formation, but the thick limestone 
in the Yokusen system ean be referred to the Chosen group and its 
conglomerate bearing formation to the Bansho series. Most of the 
remaining part of the formations can be regarded as the metamor- 
phosed facies of the Heian system. The Hakkwasan zone reveals an 
imbricated structure which is beheaded by a flat erosion plane which 
is in turn covered by the liparite flows of Hakkwasan. 


b. Tanyo-Hishun district. (Figure 8) 


Like the Bunkei district, the Tanyo-Eishun district is located on 
the southeastern side of the Yokusen orogenic zone. In the north- 
eastern extension of the Sinkiri zone the Chosen system lies on the 
Pre-Cambrian basement. Near Gunkangu, west of Eishun, the Heian 
system comprises the Greenstone series at its top. These formations 
are monoclinal toward the northwest and thrust by the Chosen system 
along the Tokuhori thrust (i. e. KOBATAKE’S Shoken thrust near Tanyo, 
1930). Near the thrust the Koten series thrusts itself on the Kobo- 
san, forming a small Kisonri thrust sheet. The Jido on the Koten 
series shifted itself by sliding along its basal plane and is overlain 
by the Kobosan series. The Kisonri thrust sheet, however, tails out 
beneath the Tokuhori thrust sheet. 

The middle belt between the Shoken and Bukkokuji thrusts con- 
sists mainly of the upper Chosen system and the Bansho series and 
partly of the Koten and Jido series. At Togakusan in the south of 
Tanyo the Jido comes in direct contact with the Chosen system 
beneath the Heian system. This sliding line is traceable to the 
northeast of Tanyo and is called the Furuyaburi thrust by KoBATAKE. 
Such sliding is frequently seen in the Seizen imbricated zone. 
Breccia occurs occasionally along the sliding plane ; clayey rocks in 
a sheared zone became phyllitic. It is difficult to say whether the 
superjacent formation slipped up or down, when sliding occurred 
between the younger formation above and the older below. There- 
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fore™ it is wise to distinguish such sliding from the thrusting of the 
older formation on the younger in general. To the west of Furuya- 
buriken sliding the thrusting of the Chosen system upon the Heian 
can be seen at Gensenri and Furuyaburi. This is the principal thrust 
and an auxiliary one is found at Gensenri within the Bansho series. 

This Bansho series is thrust upon by the great limestone for- 
mation on the northwest side along the Bekkokuri thrust in the north- 
eastern terrain. West of Tanyo there are Klippen of quartzite of 
unknown age lying on the Bekkokuri thrust sheet. The area farther 
west has not yet been surveyed in detail. The imbricated structure 
above mentioned is cut by the Chikurei fault with a WNW trend, 
along which the southwestern block is shifted to the southeast. 

The area between Shoken and Neietsu has not yet been thoroughly 
investigated. But it is quite probable that the Bekkokuri thrust 
joins with the Kosuin thrust. SHIRAKI’s reconnaissance revealed that 
the Shoken belt tails out on the west side of Mt. Taikwa and 
then the Kosuin thrust occurs. The Shoken belt is mostly composed 
of the Bansho series and beneath it the Jido and Koten series and 
the great limestone formation are exposed to a small extent. The 
imbricated structure is cut by a fault through Tokusenri and Reisenri. 
A large dyke intruding along the fault is prolonged for a long dis- 
tance in the direction slightly west of north. In the eastern part 
of the district there is a granite mass of Ryujodo, Kakokumen, near 
the boundary between the Heian and Chosen systems. 


c. Neietsu anticlinorium (Map 1) 


The Kosuin thrust extends to the northeast from Getsukoku, west 
of Taikwasan. To the west of the thrust there is the Neietsu anti- 
elinorium which is about 27km. broad between Neietsu and Shu- 
senri. Only the part of the anticlinorium to the north of the Kanko 
river has been thoroughly investigated. 

The Koten and Jido series are found above the great limestone 
formation in its eastern wing but the rest of the anticlinorium is 
mostly composed of the great limestone formation, and the Sanposan 
formation beneath the great limestone crops out in the north. The 
Bansho formation at Getsukoku is an exceptional occurrence on the 
anticlinorium. 

The anticlinorium is at present bisected by the Heisho fault into 
the eastern-central and the western part. On the west side, the 
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1 Shuzari thrust 10 Nangairi. thrust 19 Bunkokuri 

2 Shoho thrust 11 Chikari thrust - 20 Mt. Roboku 

8 Heisho fault 12 Masari thrust 21 Suriji tectonic line 
4 Heisho 13 Ritsuriji fault 92 Chodori fault 

5 Tonden synclinal basin 14 Kosuin thrust 23 Girinkitsu 

6 Banunri fault 15 Tokuhori thrust 24 Bansho 

7 Sanposan 16 Heianri thrust 25 Neietsu 

8 Jori thrust 17 Teijido Klippe 26 Gyokudo fault 

9 Sori 18 Seizen : 


anticlinorium is limited by the Teikoku thrust near Shusenri. But 
when this thrust is traced to the northeast, the Renpotei thrust 
appears beneath the Teikoku thrust sheet, which is cut by the Heisho 
fault. Beyond this fault there is the Jori thrust which describes 
the northern outline of the anticlinorium, and the anticlinorium itself 
is thrust en bloc upon the Chodori basin on the north side. Among 
the thrusts within the anticlinorium the most important is the 
Masari thrust which, cutting its eastern central part into the inner 
and the outer part, runs along an arc inside the arcuate Jori thrust. 
The outer part consists of the formations from the Jido series to the 
Gakoku formation which are folded and cut by thrusts at some places. 
The main coal-measures of the Neietsu coal-field are found in the 
upper Jido along the Masari thrust, which is compressed by thrusting, 
form pockets at places. The Heian system along the thrust is mono- 
clinal but virgates toward the south into folds of different magni- 
tudes, the western one being cut by the Ryodo thrust. To the east 
of the Neietsu coal-field there is a syncline with the Koten series 
lying along its axis. Its two wings consist mostly of the great lime- 
stone formation. This syncline and the anticline on its west side 
are neither a simple syneline nor a simple anticline but they are a 
synelinorium and an anticlinorium by themselves and the principal 
axes of their folding are either vertical or inclined to the east. The 
synclinorium is cut obliquely by a hinge fault called Ritsuriji. 

The central part delimited by the Masari thrust on the northern 
and eastern sides and by the Heisho fault on the western side, is 
composed of the great limestone formation except for the northern 
rim where the Sanposan formation exists. There is a series of 
thrusts with intervals of 500 to1000m. The thrust planes are usual- 
ly slanted steeply to the west or south. 

It is probable that the Jori thrust to the east of the Heisho fault 
corresponds to the Renpotei thrust to the west of the fault because 
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the Kobosan series of the Kariosan synecline extends to the southwest 
beneath the Renpori thrust sheet. The Masari thrust on the east 
side of the Heisho fault virgates into a:set of thrusts, called the 
first, second and third Teikoku thrusts, each of which describes an 
are. Inside the are there are the Sanposan formation on the outer 
“and the great limestone formation in the inner side, as they are in 
the Masari thrust sheet. The great limestone formation extensive 
in the interior of the Teikoku thrust is folded and probably thrust upon 
repeatedly, but the details of the structure is difficult to decipher 
because the formation is unfossiliferous. 


d. Heisho zone 


Because the grade of metamorphism becomes higher farther in the 
west, the formations of this zone are barren of fossils. Accordingly 
their sequence and structure are not well known. It is, however, 
certain that there is a brachysyncline with the axis inclined southeast- 
erly because the horseshoe shaped Tonden phyllite zone is found to 
the north of Shusenri. To the west of Heisho it can be seen that the 
Pre-Cambrian basement is thrust on the Tonden phyllites on the west 
side along the Shuzari thrust line. The Shoho schist on it dips to 
the east or southeast. 

In this area this thrusting was followed by another through which 
the northwestern block was repeatedly thrust up on the other side 
along the Shoho thrust and also along an unnamed thrust south of 
Shuzari, both striking ENE. To the northeast of Shusenri there is 
the Banunri fault with an ENE strike. There is a granite mass to 
_the southwest of Heisho but the relation of its intrusion with the 
thrusting or faulting is indeterminable because there igs no place 
where any of the faults or thrusts is in contact with the granite mass. 


e. Kariosan and Chodori basins 


After his geological reconnaissance, NAKAMURA showed that the 
Greenstone series, i.e. his Hotokonri formation, forms a large com- 
plicated syneline with Mt. Hatsuo as its center. This is the Hoto- 
konri synclinorium. The Hatsuosan basin oceupies the large central 
part, but little is known of this basin except its eastern and southern 
distal parts. To its southeast there is the Kariosan basin, and the 
Chodori basin to the southwest of the Kariosan basin. The Heian 
system forms the triangular Chodori basin with Nanpeisan as its 
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northern apex and is thrust up by the Neietsu anticlinorium. The 
western edge of the triangle is delimited by the Heisho fault except 
for its extreme southwestern part which extends beyond the fault 
toward Shusenri, as mentioned already. _ 

The Kosuin thrust marks the southeastern boundary of the Neietsu 
anticlinorium, and the Mintonsan thrust which branches off from the 
Kosuin thrust marks the southeastern boundary of the Kariosan basin. 
Between this and the Jori thrust there is a highly complicated 
structure near Sori. According to NAKAZAWA there is the Heianri 
low angle thrust in the southern part of the Kariosan basin, to which 
the Teijido Klippe belongs. In this vicinity there are NW faults by 
which the terrain is divided into small horsts and grabens. 


f. Seizen imbricated zone. 


Between the Mintonsan-Kosuin thrust and the Tokuhori thrust 
there are several thrusts virgating toward the northeast. In con- 
sequence the zone is divided near Seizen into several subzones. The 
complicated imbricated structure is found not only in the zone but 
also in the southeast beyond the Tokuhori thrust as far as the vicinity 
of Girinkitsu. It is a general tendency for these thrusting sheets to 
become isoclinal folds further to the south. It is often seen that the 
Bansho series is thrust up by the great limestone formation, but in 
the environs of Seizen the limestone formation thrusts itself some- 
times upon the Heian system. Where the calcareous formation is 
thrust upon these non-calcareous ones, the tectonic lines are clear 
and easily traceable. 

Between the Tokuhori and Baikwaho thrust the Bansho series 
overlies the Heian system in the south and the great limestone form- 
ation in the north. This Heian system is located in the western 
extension of the Hakuunsan syncline and repeats isoclinal folding with 
a NE axis between the thrusts. These folds die out near the Kanko 
beyond which there is the monocline of the Shinkiri zone in the 
Fishun district. Judging from these facts it is known that the 
western part of the embryonic Hakuunsan syncline was isoclinally 
folded by the diagonal compression which formed the Seizen imbricated 
zone. To the south of the isoclinal zone the Chosen system is cut 
by the equatorial fault of Gyokudo which in turn is cut by the Bai- 
kwado tectonic line. (See fig. 1 on pl. I.) 
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g. Hakuunsan syncline 


The above mentioned isoclinal folding’ is confined to the west of 
the Baikwado tectonic line. It is a normal fault in the south but 
_soon becomes a thrust toward the north. To its east there: are a 
few thrusts at intervals of 4 to 5km. There the axis of the Haku- 
unsan syncline describes an arc convex to the north. The granitic 
masses of Ribokuri and Ohyo are located on the south side near the 
western and eastern ends of the are. There is a fault on the north 
and west sides of the Ribokuri mass. 

Between the Heian and Chosen systems on the northern wing of 
the syncline there is the Chodori thrust which is cut by the Baikwado 
and Suriji thrusts with a NE strike. 

To the east of Ohyo the axis of the syncline deeerities another 
are convex to the south and its eastern side is shifted to the south for 
3 to 5km. along the Kanpakusan fault. There the axis is: inclined 
to the west. Accordingly the syncline narrows to the east at Men- 
shan, but there is a subsided block farther to the east of Sekihori 
where the Chosen system recurs. It is cut by faults on the northern 
and northwestern sides. 


h. Chuhosan block 


The Pre-Cambrian complex of the block except for a small part 
has not yet been closely investigated. Near Girinkitsu the Baikwado 
thrust joins with the Chodori thrust. The triangular corner of Girin- 
kitsu outlined by the two thrusts occupies the southwestern corner 
of the block. There can be seen a typical Schuppenstruktur of the 
Chosen system which has been worked out by Iwaya (1940). The 
system, however, becomes gently undulated to the east wheré a 
gentle anticlinal axis runs through Gaganri and Buryori. This princi- 
pal axis is crossed almost rectangularly by auxilliary axes and the 
Pre-Cambrian rocks of Buryori are exposed at their intersection. The 
Suriji tectonic line running along the’ principal anticlinal axis is a 
normal fault with the downthrow on its west side, but it becomes 
an upthrust toward the east in its southern part where it crosses 
the Hakuunsan syncline. In the eastern wing of the above mentioned 
anticline there’ is-a low angle thrust which is seen within the lower 
great limestone formation. -To the north of Joanji there is a thrust 
toward the south within the Heian system in the northern wing of 
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the Hakuunsan syncline. To the éast of the Kanpakusan fault there 
is the Yohosan structural basin, and the Schuppenstruktur in its 
southeastern border is more typical than that in the Girinkitsu area. 

Like the Chodori tectonic line to the west of the Kanpakusan 
fault, the Kochiri fault marks the boundary between the northern 
and southern terrains along which the northern block was thrust up 
towards the south in the Taiho disturbance. In this thrusting block, 
however, there was a ditch which later developed into the Gojusen 
shattered zone. There numerous small thrusts developed toward the 
ditch from the eastern and western sides, forming the Schuppen- 
strukturen. 


i. Sanchoku—Koryo district 


Between Sanchoku and Koryo there are the great limestone forma- 
tion and the Heian system up to the Kobosan series. The former 
formation is more extensive in the south and the latter system in 
the north. Near Gyokkei the great limestone formation apparently 
repeats its thrusts several times to the southeast or southwest. On 
the southeast of Koryo the Heian system is folded with northeast axes 
and cut by strike faults. Beside them there are significant faults with a 
northwest trend on the southwest side of Koyro and with a NNW trend 
on the northwest side of Sanchoku. The terrain was intruded into by 
granite after the block movement. The formations are frequently 
metamorphosed and quartz-schist, clayslate and crystalline limestone 
are common among them. Beside quartz, sericite, biotite, muscovite, 
and plagioclase, staurolite, sillimanite, kyanite, garnet, cordierite, 
andalusite, almandite, hornblende, tourmaline and several other mine- 
rals are contained in them in various combination. While staurolite, 
sillimanite, kyanite, garnet and some others are products of dynamic 
metamorphism, andalusite, cordierite and several others are those of 
thermal metamorphism. It is noteworthy that there took place such 
a high grade of regional metamorphism. (SUZUKI, 1985) The bearing 
of this high metamorphism on the tectonics of the plateau is a subject 
for future study. 


5. Shorin disturbance and Bansho lake (Figures 10—14) 


It was in the Shorin phase that the simple geosyncline of Yokusen 
differentiated into embryonic folds. It formeda lake in the subsiding 
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area where the Bansho series was deposited. Further complication 
was caused later by the Taiho disturbance. Because this structure 
is the final product of embryonic folding, the embryo is very important 
in understanding its later development. It is, however, very difficult 
to analyse the growth steps of the embryonic folding at the part where 
the Bansho series is missing. 

The series is aligned in several belts in the triangular area with 
Seizen, Neietsu and Girinkitsu at their apices. YAMANARI (1926) once 
thought that the belts of the series represented the valley fillings but 
it is, as pointed out already by myself (1927), a lacustrine sediment, 
generally beginning with conglomerate, and followed by sandstones 
and shales in alternation in which poor coal seams are intercalated. 
Subsequent to his preliminary survey I studied it in detail, first by 
myself and later jointly with YosHimurA, IwAya and HisAKosHi. As 
a result it was thoroughly proven that the lacustrine formation is 
inserted in the imbrication. Some nine or ten belts can be distinguished 
and are named from the northwest side as follows: 


ie Budochi belt 

II. Hihosan belt 

III-IIl’. The northern and southern Kiganri belts 
IV. Suikatsusan-Kwantakusan belt 

Wh Kiusan belt 


WA Bansho belt 
VII. Yuho belt 
VIII. Kohori belt 
IX. Soho belt 


The belts are nearly parallel to one another and extend from 
northeast to southwest. For the purpose of the lattice analysis I drew 
on the geological map eleven lines (a-k) nearly perpendicular to the 
belts and schematized the detailed observations at their intersections. 
Because the sequences of the Bansho series at these points record 
the geological events which took place there, it is possible to figure 
out local variation in the events which occurred in the surrounding 
areas and affected the sediments. 

The succession of the series and the relation to its basement can 
be observed precisely at the cross points in the lattice with special 
attention paid to the vertical and horizonal variations in the grain 
size of the sediments. The lateral variation in the grain size shows 
the source of the sediment, while its vertical variation indicates a 
change in the power of transporting material from the mountains to 
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Fig. 11. Stratigraphic sequences at the points of the 
lattice in figure 10. 
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the lake, assuming that precipitation was constant through the Bansho 
epoch. 

The series is about 400m. at the thickest part within the tri- 
angular area. In most places there is the basal conglomerate, and 
sandstone and shale beds above it. Conglomerate found at the point 
Vj at the top is an exception. Judging from the conglomerate the 
topography was very uneven in the early Bansho stage, but later the 
summit was dissected and probably the lake expanded. It is probable 
that the lake at length shrunk and erosion somewhat revived. The 
Bansho series reveals a cycle of sedimentation, although it is difficult 
to say how much the coarse rocks were accumulated in the final stage 
and how far they were eroded out. 

Lavas and tuffs were found in different horizons at several points, 
Ith, Ith, IVf, h-i, Vh-i, VIa and IXg, some of which are basaltic or 
andesitic but most others are liparitic. The last two of these points 
are isolated and the center of the area where the voleanic material is 
mainly distributed is located somewhere between the points IIIg and 
IVg, although neither voleanic vent nor fissure has ever been disco- 
vered. A few xenolithes of purple shale which are thought to have . 
been derived from the Koten series, are contained in a liparitic flow 
at Yosanji in the Hihosan belt. 

The conglomerate in the lower Bansho is thickest at the point 
Vj where it measures 140m. The next thickest points are at IVb 
and [Xe. The conglomerates at many other points are fairly thick, 
but absent at the points IIh, Ih, IVh-i, VIe-d, VIIf and VIIIc-d. 
These places where the conglomerate is not found may reasonably be 
considered to have been either the off-shore or the place which was 
flooded when the lake submerged. The increase in the grain size on 
the other hand indicates proximity to the land whence the sediment 
was supplied. In the Bansho belt for example the thin conglomerate 
in the south dies out toward the north. The conglomerate is very 
thick in the Soho belt on its east side and also in the Kwantakusan 
belt on its west side. In the Kiusan belt the change from the thick 
conglomerate in the east to the fine rocks in the west is quite abrupt. 

The reddish quartzite commonly seen in the Koten series is the 
leading member of the southern conglomerate, while the northern 
conglomerate comprises fairly large amounts of white quartzite and 
quartzose sandstone typical of the Kobosan series. Most of the large 
gravels in the conglomerate measure 20 to 30cm. in diameter, but 
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Fig. 12. The Bansho lake in the early stage and the structure 
of its basement in the Seizen Giriukitsu and Neietsu triangle. 
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1.. Hihosan delta 7. Suikatsusan basin 12. Heizan basin 

2. Seizen basin 8. Kwantakusan delta 13. Soho delta 

3. Maden delta 9. Neietsu syncline 14. Hokujitsuri island 
4, Kiganri anticline 10. Kwantakusan anticline 15. Kosuin basin 

5. Kiusan delta 11. Shori island 16. Hakuunsan syncline 
6. Kiusan basin 


those of 60 to 70cm. are not rare. Colossal boulders of more than 
1m. are sometimes found near Budochi, Kwantakusan and a few other 
places. On the north side of the Hihosan belt there are also colossal 
boulders which are found in association with small ones a few centi- 
meters in diameter. These are examples of typical deltic facies. On 
the south side of the Hihosan belt, however, the gravels soon become 
uniform in size, measuring 10 to 20cm. The decrease in their diameter 
as a rule keeps pace with the increase in their rounding and sorting. 

It is well known that while chemical dissolution is the most impor- 
tant factor in the erosion process of caleareous rocks, most of the others 
are mechanically disintegrated. The mode of disintegration is, however, 
different between sandy and shaly rocks and also between consolidated 
and unconsolidated rocks. The gravels and their cementing material 
of the Bansho conglomerate show the hard and the more easily dis- 
integrated rocks of the mother land respectively. Angular blocks are 
contained in limestone conglomerate or breccia at Hokujitsuri and 
Masaji and their sources must be closeby. 

A close examination of the lateral change in the grain size of the 
conglomerate and its components has shown that there must have 
been several mountain ranges as follows: 

1) A precipitous mountain mostly of the Kobosan series to the north or north- 
west of Hihosan. 

2) A high mountain composed of the Kobosan, Koten and Jido series close to 
the east or northeast of Kiusan. 


3) A high mountain mostly of the Kobosan series adjacent to the west of Maden 
pass. 

4) A mountain chiefly of the Koten series to the west of the southern part of 
the Kwantakusan belt which was especially high near Neietsu. 

5) Small islands of the great limestone formation near Shori and probably at 
Hokujitsuri. 

6) A mountainous land composed of the Kobosan, Jido and Koten series to the 
south or southeast of the Bansho belt was probably either far removed from 
the lake or not very high but occupied an extensive area. a 

7) A mountainous land composed of these three series in addition to the great 
limestone formation to the southeast of the Soho belt. - 

8) Limestone cliffs near Masaji. 
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It is a remarkable fact that green siliceous sandstone typical of the 
Greenstone series has not been found in the Bansho conglomerate. The 
Bansho series overlies various formations.from the top of the Kobosan 
series to the Tomkol shale (see table 4). The thickness of these for- 
mations inclusive of the two measures 1,300 to1,500m. Because the 
basement in the Bansho epoch was very gently undulated except in a 
few places where the clino-unconformity is found at the base of the 
Bansho series, the height from the bottom of the Bansho lake to the 
summits of the surrounding mountains was presumably about 1,500m. 

In the Soho belt the base of the Bansho series is concealed by 
faulting. At some places the series became para-autochthonous, 
caused by its basal sliding. Except at Nanteiri and Manchido where 
the clino-unconformable contacts were found by YOSHIMURA and IWwAYA 
the series lies on the older formations disconformably at most places. 
- At Kwantakusan and a few other places the base of the series is more 
or less uneven, but is even at most others. 

Because the Heian system rests on the Chosen para-unconformably, 
the two systems must have lain almost horizontally by the time of 
the Shorin phase. Local folds through Nanteiri and Manchido are 
exceptions and the basement of the Bansho lake was very gently un- 
dulated in the rest of the area. Where the Bansho series overlies 
the Heian or the Chosen system, the structure of the basement was 
a basin or a dome respectively. To the south of the folds there must 
have been a large basin of the Heian system with the Kobosan series 
at its center. This basin was probably separated from the Hakuunsan 
syncline to the east by an anticlinal axis of Karari. To the northeast 
of the Nanteiri fold there was another basin of Heizan composed of 
the Koten series. This was probably separated by the Kwantakusan 
anticline of the upper great limestone formation from the synclinal 
basin of Suikatsusan in the north which consists also of the Koten 
series. The Koten terrain near Seizen was, however, not a simple 
basin, because there was an anticline of Kiganri composed of the great 
limestone formation. 

It is certain that the Kwantakusan anticline extended to the 
southwest, running between the Neietsu syncline on the west and the 
Heizan and Kosuin basins on the other side. The limestone was ex- 
posed extensively also around Soho and Yuho. 

Thus the basement of the Bansho lake was composed of several 
structural basins and domes aside from a few local sharp folds. 
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The Heian system was extensive on the north and south sides and the 
great limestone formation in the central and eastern parts. To the 
west of the Kwantakusan syncline there was the Neietsu syncline 
composed of the Heian system. In the central part of the Bansho 
lake the basement formations were well leveled. 


ie Bansho series I. Shorin warping of the first phase 
Gl =Ss Heian group and ensuing erosion 

Cambrian system II. Shorin warping of the second phase 
Pre-Cambrian basement forming the Bansho lake 


Fig. 18. Shorin disturbance in the western part of the Kogendo limestone 
plateau analysed into the early and middle phases. 


Because the structure of the basement disagrees with the outline 
of the Bansho lake and the series overlies the great limestone formation 
extensively in the central part, it is certain that the domes and 
basins in addition to gentle anticlines and synclines and local minor 
folds were formed in the early Shorin phase. Subsequently a gentle 
warping took place on a grand scale through which the Bansho lake 
was formed in the subsided portion. The lake was bordered by rugged 
mountain ranges on the northern, western and southern sides. 

Assuming that this area was compressed to a half of its original 
breadth from WNW to ESE by the imbrication of the Taiho phase, 
the original structure of the Shorin deformation and the outline of 
the Bansho lake can be figured out by doubling the present breadth 
in the above mentioned direction. (See text-fig. 12.) 

It is noted as a tendency that the elevated or subsided part in 
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the early Shorin phase was subsided or elevated to some extent in 
the next phase more or less reciprocally. The Bansho lake is a pro- 
duct of down-warping in the latter phase, while its surrounding areas 
which were warped up became rugged mountains. Therefore the 
Bansho series begins generally with a conglomerate. At that time 
there were the Kiusan delta on the east side and the Maden delta on the 
-west in the northern part. To the south of the latter delta there was 
the Kwantakusan delta. On the opposite side of the lake there was 
the Soho delta. Asa result of ensuing subsidence the lake expanded, 
while the land was dissected by erosion. The subsidence was ac- 
companied by volcanic eruption. Toward the close of the Bansho 
epoch came the final warping through which the topography was 
somewhat modified and erosion revived. 

The Bansho series is distributed in the Tanyo district beyond the 
Kanko river. According to KoBOTAKE (1942), its lower part consists 
of reddish brown conglomerate in the lower 170m. and bluish gray 
conglomerate in the upper 180m. The reddish brown conglomerate 
contains rounded boulders of over 30cm. in diameter. Most of them 
are white quartzite and quartzose sandstone which were derived from 
the Kobosan series. Sandstone is the leading member in the bluish 
gray conglomerate; a small amount of limestone is contained in the 
conglomerate at Gensenri. The upper Bansho series consists of alter- 
nations of sandstone and shale which can be divided into three parts. 
White or bluish gray, medium grained hard quartzose sandstone is the 
leading member in the lower 100m or so; the middle 250m. is com- 
posed mostly of black shale in which several layers of sandstone and 
poor coal seams are intercalated; and in the upper 60m. or so black 
shale layers are imbedded in white quartzose sandstone. 

The total thickness of the series attains 750 m. at the maximum, 
Its basement is mostly composed of the great limestone formation, 
but. the Koten and Jido series lies on it at some places. The Bansho 
series is generally slided along its base. To the south of the Chiku- 
rei fault there is the sandstone and shale of the Bansho series at 
Ryutosan, some 2;000m. in its apparent thickness, where it rests on 
the great limestone formation at one place and on the Jido series at 
another with the sliding plane at the base. 

In the Bunkei district to the southwest beyond the granitic mass 
of Dorakusan and Shukitsusan, the Bansho series is mainly distributed 
in lunate form in the western part of the Shinkiri zone, though there 
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is a detached occurrence at Todonri in the Bunkei zone. In the Shinkiri 
zone it overlies the Koten or Jido series to the north of Choseisan, 
but is on the Kobosan series in the south. The conglomerate in the 
lower part varies in thickness, attaining several hundred meters on 
the west side of the Kobosan series at Gyokuryusan, but becomes 
thinner toward the southwest and northeast from this deltic facies. 
It becomes thicker again near Ukorei in the north. Boulders of the 
conglomerate are not well sorted; quartzite is abundant and ubiqui- 
tous; black shales are found near Sekken;. limestone is fairly common 
near Katsudenri. These various boulders are generally cemented 
with dark gray material. 

The conglomerate beds are overlain by a thick sandstone and shale 
formation where sandstone is predominant in the upper part. The 
series to the east of Todonri overlies the Kobosan series. 

The chief distribution of the series is in the southeastern zone 
in the Bunkei district, while it is in the middle zone in the Tanyo 
district. Farther to the northeast it occurs in several belts and 
extends beyond Seizen. The whole length from the northeastern end to 
the other measures some 100km. The breadth is widest in the Seizen- 
Neietsu-Girinkitsu triangle, being over 12km. from the Budoji belt 
to the Soho belt. Assuming that the breadth has been reduced by 
imbrication to a half of the original one, it must have been originally 
about 25km. Considering the fact that the marginal deposit of the 
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lake igs now gone, the Bansho lake must have been no less than 30 km. 
in breadth: The fossil lake thus figured may be as broad as the Biwa 
lake in Japan inclusive of its coastal plane, and its length corresponds 
to the distance from the Biwa lake to the city of Osaka. The height 
of the surrounding mountains in the early Bansho epoch probably ex- 
ceeded that of the mountain ranges around the Biwa lake. Within 
the Bansho lake there were isles like Chikubushima in the Biwa 
lake, but they were composed of the great limestone formation. J udg- 
ing from the deltic sediments, the rugged mountains were mostly 
composed of the Heian system with the Kobosan series at the top. 

Like the Biwa lake, the outline of the Bansho lake was most 
expanded in the northeast. It narrowed and possibly meandered on 
the other side, because its chief distribution is in the middle zone in 
the Tanyo district but in the southeastern zone in the Bunkei district. 
The possibility of the meandering is also suggested by the geniculation 
of the zones between the two districts. 

The Greenstone series exists in the Hakuunsan syncline but not 
in its western wing. A small patch of the series beneath the Kosuin 
thrust, west of Eishun, is an exceptional occurrence in the Tanyo- 
Eishun district. The reference of a few patches in the Bunkei district 
to the Greenstone is as yet a matter of opinion. In the northeastern 
part of the Yokusen zone there must have been the embryonic syn- 
elinorium of Hotokonri, but the Greenstone series in its axial part was 
presumably separated from the Bansho lake by peripheral folds with 
the Kobosan series at the top. 

In short it may be said that the Greenstone was not distributed 
so close to the Bansho lake that its boulders could be transported 
into the lake. 

Then it is a fundamental question whether the Greenstone series 
was eroded out in the lake region before its appearance, or whether 
it was restricted in its accumulation to certain parts of the Kogendo 
limestone plateau. Concerning this question one must take notice of 
a remarkable fact on the variation in facies and thickness. In the 
Chosen system terrigenous rocks decrease and the thickness increases 
from the shelf sea on the eastern block to the axis of the geosyncline 
in the west. The change in sedimentation after the middle Palaeozoic 
land period is similar to that before it. The Koten and Jido series 
become thicker toward the geosynclinal axis where limestone facies 
is well developed. But the thickness changes in the Kobosan series 
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in a different manner. It is thicker to the east of the Hakuunsan syn- 
cline and in the northeastern part of the geosyncelinal zone. Of the 
Greenstone series the original thickness is indeterminable because it 
has been reduced by erosion, but it can be said in the Hakuunsan 
syncline that it is thick in the east like the Kobosan. Its extraordinary 
display in the northeastern part of the geosyncline is far more signifi- 
cant. It can also be noted that such a mode of distribution is not 
essentially different from that of the Shorin epoch. Furthermore it can 
be said that the above noted change from the J ido to the Kobosan 
epoch suggests a change in the direction of the subsiding axis. 

In the Palaeozoic era there was the Chichibu geosyncline to the 
east of the Korean peninsula which was differentiating into an elevating 
anticline in its inner side and a subsiding syncline in the outer side 
in the Permian period. The differentiation can be especially well 
recongnized since the middle Permian when the Usuginu conglomerate 
facies appeared. Subsequently in the late Permian the unfossiliferous 
and carbonaceous black mud facies of. Toyoma is known to have accu- 
mulated in great thickness in the southern Kitakami mountains in 
northern Japan, in the Maizuru zone in western Japan and in the 
Kanto area in the southeastern extremity of Manchuria. Its distri- 
bution shows the subsiding axes en échelon. The Usuginu phase 
whence such a step in the tectonic development commenced in the 
Chichibu geosyncline corresponds approximately to the transition from 
the Jido to the Kobosan when the subsiding axes changed also in South 
Korea. 

The Skyto-Anisic Inai series and especially its Anisic stage is very 
thick. It is represented by a thick marine slate formations in the 
southern Kitakami mountains, in the Maizuru zone and in the vicinity 
of Vladiostok. They show that the subsiding axes incised into the 
Akiyoshi geanticline en échelon. A similar axis of Hotokonri must have 
existed in the northeastern terminus of the Yokusen zone. The sub- 
sidence was much greater in the Inai epoch than in the Toyoma 
because the Inai series is much thicker than the Toyoma. Likewise 
the Greenstone series is incomparably thicker than the Kobosan. It 
is far in excess of 2,500m. and the Inai series is more than 3,000 m. 
at its thickest. 

Judging from the tectonic status prevailing in this part of Eastern 
Asia before the Akiyoshi-Shorin phase, it is presumable that the pro- 
genitor of the Hotokonri synclinorium continued to subside to the 
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west of the Akiyoshi geanticline. Such subsidence appears to suggest 
a reciprocal upheaval which formed the progenitor of the Neietsu 
anticlinorium. 

Although it is Hiatiaban to Fone ies there are evidences to sup- 
port the contention that the embryonic folds were not the results solely 
~ of the middle Triassic Shorin disturbance, but that their preparation 
must have been gradually in progress since the Kobosan epoch. As- 
suming such a pre-Shorin development, the Yokusen geosyncline was 
also being differentiated since then as was the Chichibu geosyncline, 
and the Greenstone might not have been deposited uniformly through 
out the geosyncline. The subsiding areas became the synclines and 
the elevating ones the anticlines in the early Shorin phase. The em- 
bryonic folds were aligned en échelon between the Neietsu anticlino- 
rium and the Chuhosan block. The structural basins of the Heian 
system on the great limestone formation at Kiusan, Suikatsusan and 
Heizan reveal minor synclinal axes in the interspace. The Bansho 
lake was brought into being later by the extensive subsidence. Re- 
ciprocally the Neietsu anticlinoriim was warped up. The Bansho lake 
represents an embryonic syncline which developed later in the Taiho 
disturbance into the Seizen ijimbricated zone. 


6. Keiki land 


The line between Kaishu in Kokaido and Mt. Kongo in north 
Kogendo marks roughly the southern border of the Heinan orogenic zone 
and to its south the basement complex of the Keiki massif is exposed. 
_ The massif is, however, bisected by the Genzan-Keijo rift valley. The 
Pre-Cambrian Rensen system in the massif was named after Rensen- 
gun in Keiki-do where its typical display is seen. It has not yet been 
thoroughly investigated, but it is evidently different from the Matenrei 
system in the Gaima plateau in its lack of thick caleareous facies as 
seen in the middle part of the Matenrei. YAMAGUCHI (1951) suggested 
Gotlandian or Devonian age for the Rensen system, but there is no 
conclusive evidence. Near Kinsen it is in contact with the Rakuroan 
complex in the southern rim of the Heinan orogenie zone (KOBAYASHI, 
1930). In the vicinity of Rampo the system is composed of quartzite, 
schistose conglomerate, phyllite and mica-schist, the last two much 
more common than the two others (SHIMAMURA, 1981). It is extensively 
intruded into by the Kokulian granite. Gneissose granite or granitic 
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Fig. 15. Geological map of Rampo district 


gneiss is most extensive in the massif (Figure 15). 

There is none of the Sinian, the Chosen or the Heian system. 
The next younger is the older Mesozoic Daido formation distributed 
in the narrow belts of Kimpo, west of Keijo, and of Rampo in Chusei- 


nando. 
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The Daido formation of Rampo was deposited in a basin behind the 
Yokusen orogenic zone. It lies on phyllites, crystalline schists and 
granitic gneiss. According to SHIMAMURA (1931) it can be classified in 
descending order as follows; 

IlIb. Gyokubasan sandstone and conglomerate, 800m. thick. 
IIIa. Hyori conglomerate, 30m. thick. 
IIb. Hakuunji black shale with sandstone and conglomerate, 650m. thick. 
Ila. Kwaikwari conglomerate, 70m. thick. 
Ib Gabisan sandstone and shale with coal seams and basal conglomerate, 750m. thick. 
Ta. Getsumeisan conglomerate with some sandstone, 30-350 m. thick. 

The conglomerates of the beds Ia and IIa contain white quartzite, 
clayslate and granitic gneiss which are cement- 
ed with tuffaceous material. In the conglo- 
merate of the bed Illa on the other hand 
white quartzite boulders are cemented by 
quartz grains. Plant fossils and LHstherites 
occur in the beds Ib and Ilb. Such an old 
member as Lobatannularia nampoensis is con- 
tained in the Hakuunji flora. There are some 
species of Fstherites common between the 
Gabisan bed and the Tonjin formation of the 
Kimpo district. They are lower Noric Esther- 
ites, as pointed out by KopaYASHI (1951). 

The Daido formation of Rampo reveals 
three cycles of sedimentation (Figure 16). Each 
of the cycles is represented by sediments over 
700m. in thickness. The Bansho series on the 
other hand is a sediment of one cycle and its 
total thickness is much less than that of Rampo 
in most sections. Clathropteris meniscoides is 
known to exist both in the Bansho and Haku- 
unji floras. Though not yet quite definite, 
7 : the Bansho series may be correlated with the 
900000000000| | middle Daido formation of Rampo. 
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of Rampo is a product of the first Shorin phase 
hoe ae and the middle Daido that of the second by 
ig. 5 ree cycles 0 o 
pet Me aa 8 which the Bansho lake was produced and the 
formation inthe Rampodis- | Bansho series deposited in it. The upper Daido 
trict of Rampo is related to the third phase during 
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which the Yokusen zone was culminating till the Bansho lake disappear- 
ed. The background was subsided reciprocally to this culmination and 
the upper division of Rampo was accumulated there. These formations 
are cut by faults with NNE and NNW trends. 

The Mesozoic formations in the Kimpo coal-field to the west 
of Keijo is divided into the lower or the Tonjin series, about 800m. 
thick, and the upper or Munshusan series, about 850m. thick, by a 
weak discordance. The lower series consists mostly of sandstone 
and shale in alternation, partly tuffaceous, in which two anthracite 
seams are intercalated. Plant remains typical of the Daido flora are 
contained in some horizons and Estherites in the upper part. Conglo- 
merate is the leading member of the upper series, but thin layers of 
sandstone and red tuffaceous shale are found in it. It is certain that 
the lower series is late Triassic. Fragmentary plants from the upper 
series are enough to indicate its Mesozoic age. It is an orogenic sedi- 
ment probably in the latter part of the Shorin disturbance, because 
the time interval and deformation indicated by the discordance are not 
so remarkable that it can be taken for a member of the Shiragi series. 
The two series form a structural basin elongated meridionally and cut 
by faults with the same trend. The Daido formation of Rampo was 
cut by faults with NNE and NNW strikes. 

The Shiragi series of Koshu below mentioned is distributed on 
the border between the Keiki massif and the Yokusen orogenic zone. 
The middle Tertiary coal-bearing formation occurs at Tsusen north 
of Mt. Kongo. Although the Bukkokuji granite intrudes into the 
massif widely, the late Mesozoic voleanics are not so extensive. 

It is difficult to date the deformation of these Daido formations 
because there is no younger formation in the vicinity. It is, however, 
noteworthy that the Daido belts of Rampo are located in the south- 
western extension of the Genzan-Keijo rift valley which is a graben 
and in which basalt is effused. On the east and west sides of the 
valley there are the Koshu and Basoku ranges and farther west there 
is the Reiseiko along which basalt occurs. These mountains and val- 
leys are all parallel to the Kishu-Meisen graben and the Kankyo fault 
system. Therefore it is probable that the displacement has taken 
place along these parallel elements as it did in the Kishu-Meisen graben 
in the middle Tertiary, although it is not improbable that the tecto- 
nic lines had already existed before then. In the Rampo district the 
faults striking slightly west of north cut the NNE faults. The Kimpo 
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graben runs meridionally, the middle Tertiary of Tsusen which is 
restricted to a very small area, is cut by minor faults of various 
directions. 


7. Taiho disturbance 


The structure of the Yokusen orogenic zone is quite different from 
that of the Chuhosan block and Hakuunsan syncline. 

Because the embryonic folds of the principal tectonic elements 
such as the Hotokonri synclinorium, Neietsu anticinorium and the 
Seizen imbricated zone are the outcomes of the Shorin deformation, 
the embryonic fold of the Heisho zone may not be an exception. 

These embryonic folds were greatly developed by the Taiho dis- 
turbance till the complicated folded structure of the Yokusen zone was 
finished. Little is as yet known of the Hotokonri synclinorium, but 
it is certain that the Chodori basin which occupies its southwestern 
part was thrust upon by the Neietsu anticlinorium from the south 
along the Jori thrust. In the Neietsu anticlinorium itself there is 
the Masari thrust by which the outer folded zone is separated from 
the inner imbricated part. In the outer zone the great limestone 
formation is capped by the Koten and Jido series, and their folding 
axes dip to the east or west. The inner part is exclusively composed 
of the Chosen system, and to the east of Teikoku-Kuntoji thrust 
thrusting is repeated toward the east. Judging from the virgation 
of these thrusts the more eastern one is as a rule earlier than the 
western. Namely, the Masari, Chikari and Nangairi thrusts were 
made one after another in the order mentioned. These thrusts are 
cut by the Jori thrust. Therefore the Neietsu anticlinorium must 
have thrust itself en bloc on the Chodori basin after the imbrication 
within the anticlinorium. 

Thus the folding developed into thrusting in the inner part which 
is composed of the incompetent great limestone formation, while the 
outer part where the formation is capped by the competent Heian 
system was simply folded. Such a disharmonic folding between the 
two parts developed into the thrusting of the inner part on the outer 
zone along the already existing Masari thrust line. This thrusting 
en bloc is thought to have taken place simultaneousely with or im- 
mediately after the Jori thrusting. 

The Neietsu anticlinorium with its main axis through a point 
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one-third its of breadth from the west is asymmetrical. On the north- 
western side of the anticlinorium its inner part thrusts to the north 
on its outer zone along the Teikoku thrust. This zone thrusts on the 
southwestern wing of the Chodori basin and the wing in turn on the 
Heisho zone. Therefore the syncline indicated by the Tonden phyllite 
in the Heisho zone must have already existed before this thrusting. 
Because the Gyokujoho and Kwahotei thrusts run parallel to each 
other, it is probable that the former thrusting was followed by the 
latter one. 

As discussed in the preceding chapter, there was the embryonic 
Neietsu syncline of the Heian system on the west side of the Bansho 
lake. Judging from the material of the Kwantakusan delta, the Ko- 
bosan must have been on the syneline at that time. Because the 
Chosen system in the inner part of the Neietsu anticlinorium thrusts 
on the Jido series along the Masari tectonic line, the Kobosan series 
was most probably absent in the inner part, but the series possibly 
existed in the outer until the Taiho epoch. The rigid Kobosan series 
may have resisted the folding of the outer zone and the less folded 
outer zone resisted against the easily thrusting inner part. This must 
be the reason why the two parts made a differential movement along 
the Masari thrust. Assuming this interpretation to be correct, the 
embryonic Neietsu syncline must have been brought into being in the 
Shorin phase. 

When the Neietsu anticlinorium developed, a series of parallel 
folds with a northeast strike were introduced on its east side. In 
this terrain also the tectonic development was disharmonic between 
the parts with and without the Heian system. In the southern part 
of this terrain between the Tokuhori and Baikwado thrusts there are 
the Koten and Jido series in addition to the Kobosan series at the 
western extremity. They repeat isoclinal folding in the western part 
of the Hakuunsan syncline. All of the isoclines dip to the northwest 
and many of these folds are closed. In tracing these folds along their 
axes the anticlines are seen to develop into thrusting sheets. Thus 
the folded terrain in the south merges with the imbricated terrain 
toward the north. 

The folding axes are not always parallel to one another. Because 
the Heian system is less developed, the great limestone formation 
was easily capable of folding. But the free folding was controlled 
by the competent Bansho series where it caps the incompetent great 
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limestone formation. Therefore the former is frequently thrust onto 
by the latter from the northwest side. The great limestone for- 
mation reveals intraformational foldings at places where the Bansho 
is monoclinal. (See fig. 3 on pl. I.) 

Because the Bansho series with the rude conglomerate at its 
base is more competent than the Koten and Jido, it is seen near 
Bansho that a brachysyncline of the Bansho series with its axis slightly 
north of east is bisected by an upthrust of its overturned northwest- 
ern wing on the other wing which is simply monoclinal in normal 
order and overlies the structural basin of the Kobosan series. The 
above mentioned zone of parallel isoclinal folding is located to the 
east of this Kobosan basin. 

A few words should be added here to explain how the northwest- 
ern wing of the Bansho brachysyncline thrust itself en bloc. On the 
northeast side of this wing the Bansho series is thrust by the great 
limestone formation, while on its southwest side the formation toge- 
ther with the Koten and Bansho series is repeatedly folded with the 
axis sharply oblique to the thrust. Thus in this arc the northeastern 
side easily folded, while the other side was not so easily capable of 
folding. As a result the folding was confined to one side, and the 
folding oblique to the base of the Bansho series brought about the 
thrusting en bloc. 

Not only near Bansho, but also at Hokujitsuri and Sekkori to the 
east of Bansho thrust lines are sharply bent. On the southwest side 
of the bendings there is the above mentioned isoclines of the Heian 
system which has* unquestionably resisted the folding. Because of this 
obstacle the thrusting took place on the north side of the isoclines. 
In farther north the great limestone formation forms an imbricated 
structure by parallel thrusts. The imbrication is regular and parallel 
to the Tokuhori thrust except to the east of Neietsu where the 
structure is cut obliquely by the Tokuhori thrust. Therefore it is 
evident that the Tokuhori thrusting lasted after the imbrication had 
been completed. Nevertheless the basal conglomerate of the Bansho 
series at this place is not much displaced along this thrust. 

Between the Tokuhori and Kosuin thrusts there is the Seizen 
imbricated zone. At Shori a strong intraformational folding is seen 
within the incompetent great limestone formation. The competent 
Bansho series on it is however monoclinal. The typical imbrication 
of the zone is seen to the northeast of Furei or its vicinity whence 
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the thrust lines virgate, and about ten thrusting sheets are aligned 
near Seizen. Resisted by the Bansho series of Kiusan, however, the 
parallelism of these thrusts is strongly disturbed. Incidentally the 
thrust line reveals an abrupt bending near Furei on the geological 
map, but it is due to topography and the thrust plane is simply 
inclined. 

This imbricated zone extends from the west side of the Chuhosan 
mountainous land to the southeast side of the Kariosan basin. The 
Heianri thrust on its border is protruded to the southwest. The Teijo- 
do Klippe of the great limestone formation on the Heian system is a 
relic of this horizontal thrust sheet. Its mechanism and date are two 
questions which need more investigation. It is, however, presumed 
to be probably a product of the reaction of the Jori thrusting. 

The Kosuin thrust cuts the Jori thrust. Likewise the Tokuhori 
thrust cuts the imbrication on its east side. Thus there are disjunc- 
tions on the southwestern part of the Seizen zone, while in the vicinity 
of Seizen the zone extends without such a discrepancy. These dis- 
junctions are considered to have taken place in the latter part or 
immediately after the formation of the Neietsu anticlinorium and 
immediately after the imbrication to the east of Bansho. 

The Seizen imbricated zone narrows out at Getsukoku west of 
Taikwasan, but soon recurs and extends toward Tanyo. The Bekkokuri 
and Kisonri thrusts there correspond respectively to the Kosuin and 
Tokuhori thrusts. In the Tanyo area the zone between them is bisected 
by the Furuyaburi thrust. The basal sliding as seen to the north of 
Getsukoku is common in this district. 

In the Bunkei district farther to the southwest the middle or 
Bunkei zone corresponds to the Seizen zone. In the northern part ot 
the district the Shinkiri zone is protruded to the west and several 
thrusts run across the Bunkei zone obliquely. Further tectonic com- 
plexity is revealed by the Klippen of the Yokusen (?) system, and by 
some other Klippen and Pseudoklippen derived from the Shinkiri zone. 
Incidentally, a Pseudoklippe means here a block which looks like a 
Klippe, but in fact is an autochthonous block squeezed out by lateral 
compression. The structure there is so complicated that its clarification 
needs more study. 

Returning to the northern terrain, the Hakuunsan syncline extends 
to the east of the Baikwado thrust, which was originally brought 
into being in the Shorin phase between the elevating Taihakusan block 


228 T. KoBAYASHI 


~ on the south and the subsiding Chuhosan block on the north probably 
by their differential movement. Because of such a difference the Pre- 
Cambrian basement is widely exposed to the south of the syncline, 
while the basement is mostly covered by the Chosen system on its 
north side except the dome of the Chuhosan mountains and a gorge 
between Bunkokuri and Buryori. The Chosen system on the Chuho- 
san block is, however, not intensely folded. 

The Hakuunsan syncline has a sigmoidal axis, convex to the north 
in the west but to the south in the east. To the west of Tsuibon 
where the axis is shifted to the north, the northern wing is steeply 
inclined or even upturned. The Heian system there is in contact 
with the Chosen system of the Chuhosan block along a tectonic line 
called Chodori which may have appeared in the Shorin phase, if not 
at the beginning of the Taiho disturbance, because it is cut by the 
Baikwado thrust and the Suriji tectonic line. In the present distri- 
bution the Heian system which terminates once at the Baikwado 


Fig. 17. Cross section of the Hakuunsan syncline 


1 Joanji G. Greenstone series L. Great limestone formation 
2 Teikyori J. Jido-Koten series S. Beiho slate and Sohsan quartzite 
38 Taihakusan K. Kobosan series 


thrust, recurs at some distance beyond the thrust, where it forms 
isoclinal folds. On the south side of this folded zone the Gyokudo fault 
runs from east to west and its down-throw is on the north side. It is cut 
by the Baikwado thrust. Therefore the faulting is thought to have been 
caused by the differential block movement in the interval between the 
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isoclinal folding and thrusting. Adjacently to the east of the Baikwado 
thrust line there are the granitic mass of Ribokuri and a fault running 
along the northwestern side of its outer circle. This fault is cut by 
the Suriji tectonic line which in turn disappears in the granite mass. 
Because the tectonic line is subparallel to and as long as the 
Baikwado thrust, they may be contemporaneous, while the Chodori 
fault may be older. The granite is younger. Its intrusion must 
have taken place after the completion of the deformation. 

The cross section through the middle part of the Hakuunsan syn- 
cline where the granitic mass of Ohyo is intruded into is asymmetrical. 
The synclinal axis is much shifted to the north and the Greenstone 
in the northern wing is thrust onto by the Kobosan series. Farther 
to the east beyond the Kampakusan fault the Hakuunsan syncline 
becomes a large structural basin. The formations in its center are 
moderately undulated, but they are rather steeply inclined on its south 
side and abruptly overturned near its northern margin. Beyond this 
abrupt overturn there is the Schuppenstruktur on the border of the 
Yohosan structural basin. 

It may not be accidental that such a remarkable Schuppenstruktur 
is found not only at the northeastern corner but also at the south- 
western corner of the Chuhosan block. Near Kochiri the structure 
is thought to have been introduced by the thrusting of the complicated 
anticlinorium and synclinorium on the border between the Chuhosan 
block and the Hakuunsan syncline. 

The Yohosan structural basin is composed of the Koten and Jido 
series on the great limestone formation. They form a large number of 
small Schuppen or small scale-shaped thrust sheets near the periphery 
of the basin, but the number of thrusts decreases and their interval 
becomes wider toward the north from the periphery. In the north- 
western part of the basin the Koten series is thrust by the great 
limestone formation, instead of the reverse relation prevalent in the 
south. In the southeastern corner of the basin the synelinorium with 
the axis along the Gojusen river suffered strong lateral compression, 
causing thrusts to form another series of Schuppen. Farther to the 
northeast the Schuppenstruktur is, cut by a fault, confined to its 
northwest side. There the Schuppen dip to the north or west. 

Another Schuppenstruktur is found at the southwestern corner of 
the Chuhosan block near Girinkitsu. It is not as large as that of the 
Yohosan basin. This is located in a triangular area between the 
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Hakuunsan syncline on the south and the aforementioned imbrication 
on the northwest side. The competent Heian system of the syncline 
makes an upthrust on the Chuhosan block along the Chodori tectonic 
line. The anticline beyond the line developed into an anticlinorium 
and further into the Schuppenstruktur of Girinkitsu. The Baikwado 
thrust runs across the axis of this structure. Accordingly the Schuppen 
are found above and below this tectonic line. But if the lower Schuppen 
are excluded, the imbrication on the northwest side terminates with 
the Baikwado thrust. The embroyoniec anticline which developed this 
Schuppenstruktur must have been a branch of the Buryori anticline. 

The deformation of the Chosen system farther to the east of the 
Chuhosan block is not strong. The Buryori anticline is very gentle. 
Its principal axis strikes to the northeast, but there are auxiliary 
axes with a NNW trend. The Pre-Cambrian basement is exposed in 
the gorge between Buryori and Bunkokuri where the axes in the two 
different directions intercross. The Sohsan quartzite which overlies 
this basement is exposed more extensively along the principal axis 
and forms domes where it intersects with auxiliary axes. 

Bordering the Sohsan quartzite, the Beiho slate on it is exposed 
more extensively and cut by the long Suriji fault which runs through 
the west side along the axis. There are some faults also on its east 
side. Through these parallel faults the Buryori anticline is broken in- 
to stepping blocks. These faults are mostly normal, but the western 
ones are partly upthrusts. 

Farther east in the vicinity of Robokusan the Upper Cambrian 
Chikuren formation thrusts up on the Middle Cambrian Taiki lime- 
stone. This thrust cuts the upthrust of this limestone on the Chikuren 
formation on its south side. In the interval between these tectonic 
lines there are some oblique faults. The dislocations of these three 
kinds are all products of warping behind the Chodori thrust, which 
is related to the aforementioned southerly thrusting within the Ha- 
kuunsan syncline to the north of Joanji. 


8. The Kyongsang group in the Tsushima basin 


When Koro (1907) gave the name of Tsushima basin to the area 
around the Tsushima islands where the late Mesozoic Kyongsang group 
was deposited, he called attention to the Inkstone series in the province 
of Nagato (Yamaguchi prefecture) and northern Kyushu, to the fact 
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that it is a red tuffaceous formation similar to the group. Prior to 
it YABE (1905) determined the late Jurassic age of the Naktong flora 
which was discovered in the basal part of the group. Kato (1925, 
32) on the other hand emphasized the parallelism of the late Mesozoic 
igneous activity between the Japanese and Korean sides of the basin. 


Table 5. Stratigraphical sequence of the Tsushima basin 


Awe South Tsushima Chugoku 
8 Korea islands N. Kyushu 
Diluvium | Saishu voles. Voleanics 
Pliocene | Seikiho | Iki 
Ennichi 
Mi Ee ne Ce eS 
ee Bonkokuri 
Choki Saseho 
~ Ashiya Ashiya 
| Palaeogene | oa Se. Otsuji 
Shiranuhi 
Granite Taishu Chugoku granite 
| Bukkokuji Sensui 
Cretaceous Shiragi Leer cece | 
RRA REA | | Wakino | 
Naktong Toyonishi 
Pimassic lr PA See ata taeda | 
| Mine | 
| Ee i 
| | { 
Triassic ears Meese Biante oe Ad 
| 
7 : Yamaguchi 
Palaeozoic Sangun 
| ; i it 
Pre-Cambrian eee ane 


The Kyongsang was precisely classified by TaTEIwA (1929). Its 
lower part is the Naktong series which overlies the Reinan land and 
is diseonformably overlain by the upper part, i.e. his Shiragi series 
in which thick andesitic flows are intercalated. In the Taikyu-Keishu 
section the group is regularly inclined to the southeast and can be 
classified in descending order as follows: 
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II. Shiragi series 

Shushazan pyroxene porphyrite and red tuff, 1,000m. thick. 

Kansenri dark gray marl, shale and sandstone, 8,000 m. thick. 

Saiyakusan pyroxene porphyrite, hornblende Bs mae porphyrite and red and 

variegate tuff, 200-250 m. thick. 

Taikyu red and variegate marl, shale and eainaden 2,000 m. thick. 

Kakubo pyroxene porphyrite, hornblende pyroxene porphyrite and red and varie- 

gate tuff, less than 250m. thick. 
Shiragi red and brown conglomerate, 200-600 m thick. 
.... disconformity ...... 
I. Naktong series 

Shikkoku red and variegate marl, shale and sandstone, 500-950 m. thick. 

Shinshu dark gray and variegate marl, shale, sandstone and brown conglomerate 

with intercalations of coal seams, 1,000 m. thick. 

Kasando red and variegate marl, shale and sandstone and brown conglomerate, 

1,300 m. thick. 

Rakuto dark gray marl, shale and sandstone and brown conglomerate with 

intercalations of coal seams, 700m. thick. 

Covering the erosion surface of the Kyongsang group there is the 
third group of rocks, that is, his Bukkokuji series which is chiefly 
composed of acidic effusive and plutonic rocks, but some sediments are 
intercalated among them. Later he (1934) pointed out the presence 
of a Danian plant-bearing formation in the Tsushima islands and named 
it the Taishu series. It comprises much material derived from the 
Bukkokuji series. 

Their correlation to the Mesozoic formations in Japan, however, 
has long been undetermined. I (1926) ascertained in Prov. Nagato that 
the Jurassic Toyora series is overlain by the Inkstone discordantly. Sub- 
sequently the Wakino series was discovered to lie beneath the Inkstone 
in northern Kyushu (KOBAYASHI and OTa, 1936). While the Wakino 
series and the upper part of the Naktong series contain limnie Tri- 
gomotdes-Plicatounio fauna (KOBAYASHI and SuzUKI, 1936), the paralic 
~ Glauconia fauna of Yoshimo at the top of the Toyora series is inti- 
mately related to the Wealden Ryoseki fauna on the Pacifie side of 
Japan (KOBAYASHI and SUZUKI, 1987). The top division was recently 
segregated from the series as an independent formation called Toyonishi 
(MaTSUMOTO, 1949), because the division was found at some places 
to lie on the Toyora proper disconformably. The series comprises the 
Yoshimo shell bed in the upper and the Nanami plant bed in the 
lower part. It is my opinion that the series may be approximately 
contemporaneous with but heteropic from the lower Naktong series 
and ranges from late Malm to Wealden. 

While the distribution of the Wakino series is restricted to a few 


places, the Inkstone series, overlapping the former, is widely spread 
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in Nagato and northern Kyushu. They form the syncline of Kwanmon. 
To the northwest there is the anticline of Nagato where the Toyonishi 
and older formations are widely exposed. There are, in addition, some 
smaller basins of similar age in the Kibi, Tamba and Hida plateaux 
to the east and in central Kyushu in the south where red formations 
have deposited. 

In Korea the Shiragi series covers Keishodo extensively and is 
generally underlain by the Naktong series. They are gently in- 
clined to the southeast from the Tokuyusan block, but in the north 
they extend to the northwest, forming the Gijo wedge. According 
to A. Sato and §. YASUHARA the northern boundary of the wedge 
is marked by the Anto upthrust of the Taihakusan block on the 
Kyongsang group. Behind it there is the Eiyo basin, the northern 
margin of which is also delimited by a similar upthrust. Its western 
and southern borders are probably normal faults. Farther to the 
north there is the Shiragi series of Kochiri where the Naktong series 
is missing. To the west of the Tokuyusan block there are also some 
Shiragi basins, but the Naktong series is not well developed. The 
block is directly covered by the Shiragi on its south side. 

While the total thickness of the Inkstone and Wakino series is 
some 4,500m. at the maximum, the Shiragi series attains 12,000 m. 
and the Naktong below it measures 4,000 m. at the thickest. In other 
words the center of subsidence at the time must have been on the 
Korean side of the Tsushima basin. Assuming that the Toyonishi series 
is the correlative of the lower Naktong, the lake was restricted to the 
Korean side at the beginning of the Tsushima basin and there was 
still the Yoshimo embayment on its south side where Ostrea, Corbicula 
and other brackish Mollusecans were thriving. 

As pointed out elsewhere (KOBAYASHI, 1941), the Oga orogeny 
attained its paroxysm in Nagato and adjacent Kyushu at the transition 
from the Toyonishi to the Wakino epoch. Later investigation (MATSU- 
MOTO, 1949) showed that this orogeny commenced in the interval between 
the Toyora and Toyonishi epochs, seeing that the upper Toyora and 
the lower Toyonishi series form a delta of Takachi in the western 
Tabe basin in Nagato. 

The Toyonishi and Wakino series are orogenic sediments. During 
their sedimentation the Yoshimo bay emerged as land by the upheaval 
of the Nagato anticline and the Wakino lake was brought about re- 
ciprocally in a new depression. It is quite probable that the Wakino 
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and Naktong lakes were separate basins at the time. Almost simul- 
taneously the Tetori embayment in the Hida plateau became a lake. 
Trigonioides, Plicatounio and Nakamuranaia are characteristic pelecypods 
of these lakes. 

At the close of the Wakino epoch the Wakino lake rather abruptly 
expanded very widely, seeing that the Inkstone series is distributed 
widely, overlapping the Wakino and covering the Toyonishi and older 
formations of the Nagato anticline. The small Inkstone lake of Ina- 
kura was also introduced on the south side of the Kibi plateau. The 
Kyongsang basin of Eido may have also been introduced behind the 
Tokuyusan block. 

The Inkstone series is divisible into three parts by two discon- 
formities. The upper one is however, weak and local, while the lower 
one is more distinct and extensive, probably corresponding to the 
disconformity between the Naktong and Shiragi series in South Korea. 
In the Shiragi epoch the Tsushima basin may have been a single large 
depression. There were Hido, Chinan and some other basins to the 
west of the Tokuyusan block. 

Because there is no Jurassic formation in the Kibi plateau, it is 
indeterminable when the Oga orogeny began there, but there is eviden- 
ce suggesting that the Oga thrusting sheet had not reached its present 
site before the end of the early Inkstone epoch (KUSUMI, 1952). Over- 
lapping the lower Inkstone, the middle and upper parts of the series 
are more widely distributed in the plateau. 

Variegate tufts and tuffaceous sediments are contained both in the 
Wakino and Inkstone series, but the red compact tuff used for the 
Inkstone are mostly mined from the middle Inkstone series. The 
abrupt increase of volcanic and pyroclastic material in the series shows 
that the voleanic eruption became vigorous in the middle and late 
Inkstone epochs. Volcanic rocks of that time are mostly andesitic 
but liparitic after the Inkstone. 

The Naktong flora suggests a warm and humid climate (KOBAYASHI, 
1942). But it became more arid toward the Inkstone epoch. Esthe- 
rians thrived in the inland depressions of the Wakino and Shiragi epochs 
(KOBAYASHI and Kripo, 1947) which were embraced by the Sakawa 
mountain range in Japan. 

The Shiragi series must be middle Cretaceous because its flora 
containing dicotyledonous plants is cainophytic, while the Naktong flora 
is mesophytic. 
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By the invasion of the Chugoku batholithic granite the Tsushima 
and other basins became land, leaving a few small depressions where 
exist thin sediments called the Sensui series on the northern side of 
the Seto inland sea and the Yawata series in north Kyushu. Further- 
more some sediments are known to be imbedded in the Bukkokuji 
- voleanie on the Korean side. 

The Sensui series is gently inclined; the Yawata series forms a 
gentle syncline ; the Inkstone series beneath the Yawata is somewhat 
more folded. In the Kibi plateau the upper Palaeozoic limestone 
appears to thrust itself upon the lower Inkstone at a great angle at 
Hina (NAKANO, 1952). The Inkstone in the still higher part is cut by 
small upthrusts. 

Judging from these facts it is quite evident that the crustal 
deformation were repeated in the inner zone of West Japan through 
the Cretaceous period, but at the same time it is certain that the 
deformation attained its paroxysm in the Oga phase, namely at the 
transition from the Yoshimo to the Wakino epoch. The structure of 
the Oga mountains is complicated. The leading trend of the Cretaceous 
folding and faulting on the other hand is nearly equatorial, i.e. 
subparallel to the axis of the Sakawa mountains. 

Seeing that the Naktong lake appeared and expanded at the Gijo 
wedge, the paroxysm of the Taiho disturbance in South Korea may 
be a little earlier than the Oga paroxysm. This is because the Naktong 
lake is a frontal depression reciprocal to the culmination of the Rei- 
nan land, because the Reinan land must have been broken in the 
process of culmination into the Taihakusan and Tokuyusan blocks at 
the Gijo wedge before the Naktong epoch and also because the frag- 
mentation brought about by the culmination is presumably related to 
the differential movement between the metamorphosed and non-meta- 
morphosed parts of the Yokusen zone. More precisely, the former 
part thrust itself en bloc on the latter part along the Chushu-Bunkei 
line after the latter part had been imbricated. The thrusting was 
accompanied by a great culmination of the Tokuyusan block and this 
in turn caused fragmentation of the Reinan massive along the south- 
eastern extension of the tectonic line. It is my opinion that the area 
thus subsided is the progenitor of the Gijo wedge. 

The gentle dip of the Kyongsang group toward the center of the 
Tsushima basin on the southeast side of the Tokuyusan block is due 
to the culmination of the block because the group also dips distally 
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on its south and northeast sides. In the Gijo wedge the group is 
gently slanted toward the northeast and cut by the Anto upthrust 
with a subequatorial trend along which the Taihakusan block thrusts 
itself upon the group. Within the eastern part of this block there is 
the Eiyo basin of subsquare outline: Its geology has not yet been 
thoroughly investigated, but it is known that the group inclined to 
the south is thrust onto by the Pre-Cambrian rocks on its northern 
border and is faulted on the south and west sides. The Shiragi series 
in the Neikai area to the southeast of the basin is dislocated by a 
series of meridional faults. 

The southerly upthrustings along the Anto tectonic line and also 
along the northern boundary of the Eiyo basin probably took place in 
the transitional interval between the Shiragi and the Bukkokuji epoch. 
Such a compressive block movement took place when the Wakino-Ink- 
stone series in the inner zone of West Japan was folded with equatorial 
axes. In the outer zone the Sakawa mountains were almost completed 
by the end of the Gyliakian (Turonio-Cenomanian) epoch. It is certain- 
ly interesting to see the change from the strong folding and thrusting 
in the outer zone to the gentle folding in the inner zone in West 
Japan. In South Korea there occurred upthrusts from the north 
because the basement of the Kyongsang group was more rigid. 

Subsequently to the Sakawa orogeny West Japan was lengthwisely 
bisected by the Senonian Izumi subgeosyncline. Incidentlly the term, 
subgeosyncline, means a zone of strong subsidence within the orogenic 
zone. The subsidence of this subgeosyncline is indicated by a thick 
inland sea deposit called the Izumi sandstone formation which attains 
a thickness of 6,800m. in its thickest part. 

The blocking was strong in the inner zone and repeated more 
than twice. The repetition can be recongnized by the fact that faults 
mostly crosswise to the Inkstone folding, cut the Palaeogene, though 
the Palaeogene is sometimes less displaced than its basement. The 
earlier phase of dislocation may have been sometime in the late 
Senonian or Palaeocene, because the Chugoku granite batholith which 
is exposed with lengthwise elongation is largely cut by the crosswise 
faults and overlain by the Oligo-EKocene. In other words the block 
movement is nearly contemporaneous with that of the Taihakusan 
dislocation zone and they are intimately related to the grand invasion 
of the Chugoku batholith through which culmination, causing the 
faulting, the Izumi and other seas retreated over large areas. This 
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emergence is what has been called the Akitsu epirogeny. If the 
Taishu series is really Danian, it is a relic of the Tsushima basin. 
But it is not improbable that the series is Oligocene, because it is 
probable that Ostrea known from the Tsushima islands reveal the 
northern limit of ingression of the Oligocene Ashiya sea. Whatever 
the age of the Taishu series may be, Japan was then the maritime 
terrain of the Asiatic continent. 


9. Metamorphosed Yokusen zone 


In the Yokusen orogenic zone the grade of metamorphism increases 
rather abruptly on the southwest side of the Chushu-Bunkei line. The 
northern part of this boundary has not yet been well investigated but, 
as mentioned already, its southern part in the Bunkei district is in- 
dicated by the thrusting of the metamorphosed Yokusen on the non- 
metamorphosed Yokusen zone. In the former there are the Kyongsang 
group and the Bukkokuji igneous group beside metamorphic rocks. 
The Kyongsang group which is distributed as patches along the lateral 
sides of the zone, consists mostly of the Shiragi series except the 
Zenshu and Wajun districts where the Naktong appears to exist. In 
the Bukkokuji igneous group the batholithic granite and related por- 
phyry are most extensive in the zone, especially along its axis. 

The metamorphosed formation in question was classified by INOUYE 
(1907) into the Kunsan formation and the Phyllite formation, both of 
which were considered Palaeozoic. Subsequently Koro (1909) referred 
them to his phyllite series in which he distinguished the Tongpok, 
Muan, Chyonjyu and Kunsan complexes and considered them to be 
Mesozoic. NAKAMURA, (1924) on the other hand referred them to Pre- 
Cambrian and proposed the Yokusen system as their collective term. 
As its name suggests, its typical display is found in Yokusen-gun, 
Chusei-hokudo. It is composed there mainly of phyllitic rocks beside 
graphite phyllite, mica schists, quartzite and hornblende; and non- 
crystalline graphite deposits are occasionally imbedded among them. 
He classified the formation into three parts as follows:— _ 


(1) Upper Yokusen formation composed mostly of biotite schist and phyllite, but 
thin layers of conglomerate, sandstone, limestone, hornblendite and quartzite are 
intercalated in it. 

(2) Middle Yokusen formation consists of hornblende schist, limestone, mica schist 
and phyllite besides some sandstone intercalations. 

(3) Lower Yokusen formation made up of quartzite, sandstone and metamorphosed 
clayslate in main. 


Geology of South Korea 239 


The Yokusen system in the Hido and Seizan sheet-map areas which 
comprises its lower formation and a part of the middle formation was 
later divided by SHIMAMURA (1927) into the following three : 

1. Hachionzan formation: metamorphosed shale, sandstone, quartzite, mica schist 

and graphite layers aside from rare occurrences of thin crystalline limestone 

beds. 

2. Bangetsuri formation: metamorphosed shale, phyllite, limestone, quartzite and 
thin graphite layers. 
3. Unmuho formation: mica schist and phyllite. 


The Hachionzan formation which forms an independent belt is 
clino-uneonformably overlain by the Kwaidori bed of the Cretaceous 
Fido series. In the western part of the sheet areas the Bangetsuri 
formation is overlain by the Shikonri bed, another member of the 
Fido series also clino-uncomformably. This formation near Bangetsuri 
looks similar to a certain part of the Cambrian formation in its lithic 
aspect, although its non-metamorphosed part is difficult to distinguish 
from the sandstone and shale beds of the Cretaceous Shikonri forma- 
tion below mentioned. There is a thick conglomerate bed in the 
Yokusen formation at Gunseimen, Yokusen-gun which bears boulders of 
granite, mica schist, granitic gneiss, black shale, quartzite and so forth. 
SuimamuRA is of opinion that the Yokusen in the area may be the 
metamorphosed facies of the Palaeozoic and Mesozoic formations. 

Subsequently he (1925) surveyed the Zenshu series i.e. KoTo’s 
Chyénjyu complex near Zenshu and made the following tripartation : 

(3) Kirinho formation: biotite schist, phyllite and tremolite schist. 


(2) Shindo formation: limestone, phyllite, biotite schist and quartz schist. 
(1) Shidairi formation: sericite schist and quartzite. 


Beside them there is a metamorphosed conglomerate containing 
quartzite, granite and clayslate. It may belong to this series, but 
at the same time it is noted that it is similar to the conglomerate 
in the Cretaceous Chinan series. The Zenshu series is penetrated by 
numerous quartz veins. Because of the significant contact effect of 
granitic intrusion he suggests that it may be the metamorphosed 
facies of the Cretaceous formation. 

In the Wajun district in Zenra-nando there is also. a formation of 
dubious age called Kigan. It was once considered Jurassic and at 
another time Pre-Cambrian. According to ICHIMURA (1927) it is mostly 
composed of gray coarse quartzose sandstone, black sandstone, black 
shale, black clayslate and phyllite. In addition there are ottolerite 


240 T. KOBAYASHI 


slate, sandstone, white sandstone, quartzite, limestone, hornfels, mica 
schist and layers of anthracite and graphite. Incidentally ottolerite 
shale is very common in the Heian system in the limestone plateau, 
but also met with in shaly facies of the Bansho series in some rare 
instances. The Kigan is overlain by the Cretaceous Kyuhosan forma- 
tion and intruded by granite. With the find of Cordites (?) and Pecopteris 
(?) in its black clayslate member he suggested the possibility of its 
reference to the Heian system. 

SHIRAKI (1984) classified the Yokusen in the northwestern part of 
the Bunkei district into the Hakkwari formation rich in limestone 
and the Jonairi formation poor in limestone. He is of opinion that 
the former may be Cambro-Ordovician and the latter Permian to Ju- 
rassic in age. He asserted further that they are overturned and 
imbricated. KOBAYASHI and AOoTI (1942) agree with him on the im- 
brication and the age of the Yokusen metamorphics in the Bunkei 
district. 

Through a survey of graphite deposit in the metamorphics Kopa- 
TAKE (1947) ascertained in Shoshu district in Keisho-hokudo that the 
lower Yokusen merges with the Heian system. Similar relations 
were found also in Wajun-gun in Zenra-nando. Graphite biotite schist 
in the Ryudori formation in the Kainan-gun (KINOSAKI, 1929) is also 
suggested by KoBATAKE as probably a metamorphosed member of the 
Heian system. The middle and lower Yokusen in Hoon-gun, Chusei- 
hokudo on the contrary are probably the metamorphosed facies of the 
Chosen system or of the system in addition to the Greenstone series. 

Up to the present no positive evidence has been obtained to show the 
Pre-Cambrian age of the Yokusen system. On the other hand the gradual 
transition from the metamorphosed part to the non-metamorphosed part 
is known between Chushu and Bunkei. Where the Heian system merges 
with the lower Yokusen, the reference of the relatively thick lime- 
stone in the Yokusen to the Chosen system and of its rude conglo- 
merate to the Bansho is highly probable. In the Bunkei district it ig 
known that they are imbricated by thrusting, the status making it 
difficult to decipher the sequence and structure of the metamorphosed. 
Yokusen. It is, however, a remarkable fact that the calcareous facies 
is not well developed in the Yokusen system. KOBATAKE noted that 
the Heian system directly overlies the Pre-Cambrian gneiss. Therefore 
the history of the part may be somewhat different from that of the 
other part of the Yokusen zone. Namely, the Chosen system in the 
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former was extensively eroded out before the Heian, or the Heian 
system was transgressively spread on the Pre-Cambrian terrain beyond 
the bounds of the Chosen system. Whichever alternative may be 
accepted, it is conclusive that, overlapping the Chosen, the Heian 
system covers the Pre-Cambrian basement transgressively. The in- 
clusion of granite boulders in the conglomerates of the Yokusen series. 
of Eido and also of the Zenshu series, however, distinguishes them 
from the conglomerates of the Bansho series and the Heian system. 
The conglomerate suggests the inclusion of the Shiragi series which 
was metamorphosed by the intrusion of the Bukkokuji granite. There- 
fore it is- still a question whether the Yokusen metamorphics are 
exclusively older than the Taiho disturbance, although it is undeniable 
that the larger part of the Yokusen system reveals a geosynclinal 
sediment which was later metamorphosed dynamically and still later 
thermally. 

After this part of the Yokusen zone had been metamorphosed 
by the Taiho orogeny, Cretaceous formations were accumulated on its 
lateral sides. One of them on the northwest side is found to the nor- 
theast of Gunsan. According to SHIMAMURA (1931), it consists of two 
parts as follows ;— 

(2) Upper part; Chosen brown tuffaceous shale, 330m. thick. 
(1) Lower part; Seisho dark brown tuffaceous sandstone and conglomerate, 

300 m. thick. 

This Cretaceous formation forms a syncline which is cut by faults 
on its two sides forming a graben. Another Cretaceous formation 
near Hido called Eido series by SHIMAMURA is divisible into three 
parts in descending order (1927) as follows ;— 


(8) Senyudo formation, about 350m. thick; marl, sandy shale and red shale. 

(2) Kwaidori formation, about 1,200m. thick; conglomerate, green sandstone and 
red shale. 

(1) Shikonri formation, about 1,350m. thick; sandstone, shale, slate and congio- 
merate. 


The conglomerate of the Shikonri formation contains granitic gneiss 
and that of the Kwaidori comprises granite, porphyry, porphyrite and 
mica schist beside granitic gneiss. The Shikonri formation which yields 
Brachyphyllum and Frenelopsis hoheneggeri may be a high Naktong 
member. 

The Chinan series near Chinan is also divided into the following 
three parts by SHIMAMURA (1925) ;— 

(3) Sansuido formation, over 600m, thick; sandstone and shale in alternation. 
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(2) Tatsukichi formation, 500m. thick; tuff, tuffaceous sandstone and shale. 
(1) Bantokusan formation, 800m. thick; tuff, tuffaceous sandstone, conglomerate, 
shale and marl. 


The Tatsukichi and Sansuido formations yield several land plants 
including broad leaves, insects and Molluscan shells. 

The above mentioned Kyuhosan formation in the Wajun district 
is about 1,200m. thick and consists of tuff, tuffaceous sandstone, dark 
reddish purple tuffaceous conglomerate, shale and sandstone of similar 
colour and black or gray shale. Quartz-porphyry and quartzose sand- 
stone and other rocks derived from the Kigan formation are contained 
in the conglomerate. Because Zamiophyllum buchianum and Platanus 
beside some shells were collected by IcHmmURA (1927), the Kyuhosan 
formation at least a part of it belongs to the Naktong series. 

These are Cretaceous formations which overlie the Yokusen me- 
tamorphic rocks, and intruded by acidic rocks varying from quartz- 
porphyry to granite at many places. Not only this geological relation 
but also palaeontological evidence show that they belong undoubtedly 
to the Kyongsang group and mostly to the Shiragi series. It is cer- 
tain that the group was deposited more widely than one can see now, 
but at the same time the material of the conglomerate tells that 
there were mountains on both sides and within the zone. 

The Eido series is gently inclined to the northwest or southeast, 
while the Chinan series is monoclinal toward the northwest. Cut by 
faults the bases of the two series are unexposed. The Kyuhosan which 
overlies the older rocks is gently undulated. Because the leading 
strike is parallel to the zone, it is seen that the zone was compressed 
crosswise after the deposition of the group. There are some strike 
faults and some others nearly rectangular to the preceding. It is 
certain that the dislocation has taken place after the intrusion because 
the Shiragi series is in fault contact with the Bukkokuji intrusives 
at many places, but judging from the outline of the intrusive body, 
it is not improbable that some of the faults existed before the in- 
trusion. 

In the southwestern part of the Yokusen orogenic zone the Buk- 
kokuji igneous activity was thus very strong. The granitic batholith 
’ is extensively exposed there. Most of the Yokusen metamorphic patches 
are roof pendants of various size remaining on the batholithic body. 
The extensive exposure of the batholith in the axial part suggests 
the axis of culmination. By the block movement caused by the cul- 
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mination the Kyéngsang group on the lateral sides was faulted down. 


10. Taihakusan dislocation zone 


Peninsular Korea is cut by faults near the Japan sea. They are, 
however, not simply parallel to the coast as suggested by Korto’s 
Taipaiksan dislocation lines. The complicated mosaic structure is 
precisely analysed in the coastal region of the Kogendo limestone 
plateau called here the Taihakusan dislocation zone, although Mt. Tai- 
haku is located beyond the boundary fault of Kampakusan. The mosaic 
structure of the zone is typically illustrated in Sanchoku-gun and its 
adjacence. 

The zone is divided by the Kochiri fault and its extension into 
two parts which are different in the mode of deformation. The northern 
part is again bisected by the Gojusen shattered zone. The Yohosan 
basin is located on its west side. On the east side of the belt there 
is the Chosen system and the Pre-Cambrian basement farther east. 

The Kanpakusan boundary fault is a great tectonic line in the 
north-south direction along which more than 100m. in breadth is strong- 
ly disturbed by a dislocation for a vertical distance of more than 
1,500m. Its downthrow is on the east side. Because the Kochiri fault 
draws the northern boundary of the Hakuunsan syncline, it is thought 
to have been brought into existence through the Taiho disturbance. 
It cuts the Shiragi series, however, and is traced to the southeast 
into the Baisanri faults. Beyond the end of this fault the Chokusen- 
koku and Sanho faults aligned en echelon belong to the same system. 
Along them the southern block must have slipped down or the northern 
block must have thrust itself upon the southern at a high angle. The 
secondary dislocation occurred after the deposition of the Shiragi se- 
ries and igneous rocks intruded along the fault lines at some places. 
To the south of these faults there are the Bunkyokuri, Taiken and 
Kohyori faults all with a northeast trend and with their downthrows 
on the southeast side, through which the blocks form descending steps. 
The vertical displacement attains over 1,000m. along the Kohyori 
fault and over 500m. along the Taiken fault. 

In the northern terrain to the east of the Gojusen shattered 
zone there are several long NNE faults most of which have the down- 
throws on their west side. Through them the blocks descend in steps 
toward the west. The most western one called Tenri is, however, a 
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hinge fault whose downthrow is on the west side in the south but on 
the east side in its middle and northern parts. In its latter part 
there are several auxiliary faults some of which are parallel to the 
' principal one, but others run from north to south. The Bakyori fault 
which defines the eastern margin of this fault zone has the downthrow 
~ on its east side. This shattered zone is called Gojusen because the 
Gojusen river meanders through it. 

The downthrow of the Kochori fault is on the west side almost 
throughout its whole length except its northern termial part where 
it is on the other side. The Jotokuri fault which meridionally bisects 
the southern part of the terrain between the Tenri and Bakyori faults 
also has the downthrow on the west side. The fundamental structure 
between Bakyori and Kochori faults is, broadly speaking, a large and 
gentle syncline and the Pre-Cambrian basement is exposed on its east 
and west sides. On the west side, however, the basement is restricted 
to a small strip near Koshiri. A gentle anticlinal saddle extends 
therefrom to the east by which the above mentioned large syncline 
is divided into a northern and a southern basin. 

In the Yohosan structural basin to the west of the Jotokuri fault 
the Chosen system is overlain by the Heian system. As mentioned 
already, the Schuppenstruktur of this basin is developed toward the 
Gojusen. Judging from this feature, the Gakyori tectonic line must 
be one of the old tectonic lines. The undulation between the Bakyori 
and Kochori faults is cut by a mesh of faults on various directions. 
As discussed already, the Kochori tectonic line and the Gojusen ditch 
were introduced by the Taiho disturbance. Thrust by the northern 
block, a basin was introduced in its front where the Shiragi series 
of Kochiri was deposited. It rests mostly on the Heian system. The 
series of Dobahyo is a filling in the ditch and the Koten series is 
exposed on its east side. The deposition of the series was accompanied 
by the eruption of basalt and then of the liparite of Dobahyo. 

While the quartz-porphyry mass of Fukutokusan is cut by the 
Tokatsuri fault with a northwest trend, granite-porphyry dyke of 
Teishari intrudes the Jotokuri fault. This fault is, however, covered 
by the Sekiheizan porphyry and its distribution is somewhat different 
from that of the Shiragi series. Nevertheless it is presumed that the 
time interval between the two was not very long. Judging from the 
series of facts pointed out above, the block movement is related to 
igneous activity. They took place subsequent to the gentle folding 
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of the Shiragi series. The depression in which the Shiragi series had 
deposited was, however, an outcome of the Taiho disturbance. There- 
fore the series of geological events from the Taiho disturbance to 
the Taihakusan block movement must be inseparably related to the 
change of the terrain from the synorogenic compression to the postoro- 
genic tension which in turn is causally related to the Bukkokuji 
igneous activity. 


11. Geomorphological history of Central Korea 


The summit level of Central Korea through Chushu and Genshu 
represents the typical aspect of the two cycle mountains. As the 
result of a geomorphological analysis, I (1931) reached to the conclusion 
that the two cycle mountains were produced by asymmetrical geanti- 
clinal upheaval after the previous peneplanation had not been completed. 
The upheavals repeated since then caused rejuvenation of erosion. 
I proposed the Roppyakusan plane for the older incomplete peneplane 
in the higher altitude and the Reito and the Rishu plane respectively 
for the narrow eastern and the wide western lower plane later 
introduced. (See pl. II.) This conclusion was later vindicated by 
YOSHIKAWA (1947). The line between Genshu and Chushu marks off 
the boundary between the western lowland and the mountainous re- 
gions on its east side. To the west of the line there is a hilly land 
up to 200m. above the sea on which there are monadonocks about 
500m. high. To the east on the contrary the mountains are over 
1,000m. and become higher toward the east. Taihakusan is 1,549 m., 
Godaisan 1,563m., and Kongosan 1,688m. above the sea level, and 
are the highest summits in the Taihakusan range along the coast of 
the Japan sea. From this divide the mountains become lower gradual 
ly at first and then abruptly. Beyond this scarp there is a narrow 
lowland fringing the coast of the Japan sea. 

The terrain to the west of the Taihakusan range belongs to the 
Kanko tributaries and the Rishu plane extends over a wide area to 
the west of the topographic boundary through Genshu and Chushu. 
The environs of Rishu consist of granite, the land being even and 
flat. Hence the name Rishu plane. The erosion scarp of the moun- 
tainous land is seen on the east side of the topographic boundary, but 
low planes extend into the interior of this mountainous land along 
the meandering Kanko river and its tributaries. The Rishu group of 


247 


Geology of South Korea 


Mex 
lanjuroue yy 
uazleg 


uasoyug JOA 
Tepod) Jeary 


nS}o1IoN, 
Il ofuey, 
or nysny9 
6 nysry 


eueid nysnyg 
eueld Usestoy, 
eueld njuloey 
e oueld 1UCMYIVY, 


uo) 


amoa Nt © —- 


OYSe}] OY} YPM oYUBy oy} JO UoHounL 
UasloT, 04} YYM OyUeY oy} JO UoToUNL 
oyueg oy} YIM oOyURy oy} JO UOKUNL 
oyuey YON 94} YPM oxUeY oy} JO UO!oUNL 


mo tO & 


auld UOISO1e TAEMO] OUT, 
edojs oy} Uo ouRld UOIsoze e[PPIL 
qiumuns 04} Uo cued uUoIsose Jedd, 


{Ox 


JOAII OyURY oy} Suoye souejd Jo dnoad nusiy “0% “Sl 


qo 


248 T. KOBAYASHI 


planes is a collective term for several lower planes in and outside 
of the mountainous region. Those in the mountains are classified in- 
to the Chushu, Teisen, Kachinfu and Taikwanrei planes by YOSHIKAWA 
(1947) in ascending order. 

(1) The Chushu plane is indicated by the river floor near Neietsu, 180m. above 
the sea at the changing point of the river floor 10km. below Neietsu and 160m. 
near Chushu. 

(2) The Teisen plane is indicated by the river floor near Godaisen, Shosen and 
Ryuten, and also by the river floor near Taiwamen. It is 320m. at the chang- 
ing point near Heisho and forms rock terraces with dolines on the top near 
Neietsu and Eishun, but dissected piedmont slopes near Teisen, and is 260m. 
high near Chushu. 

(8) The Kachinfu plane is revealed by the river floor near Kachinfu and Sodori 
and the piedmont slope near Tonnaimen. Its height above the sea is 490m. at 
the changing point above Godaisen and 10km. below Kachinfuri. 

(4) The Taikwanrei plane is shown by the river floor and piedmont slopes near 
Okeiri. It is 700m. above the sea at the changing point of the river floor 
above Shosen 5km. below Okeiri and 570m. near Chushu. 

Among these four planes the higher ones are more extensive 
along the upper course of the river, while the lower ones are well 
developed along the lower course. All of them ean be traced down 
till one reaches Chushu whence the hilly land of the Rishu plane ex- 
tends to the west. This plane itself is the western extension of the 
Chushu plane in the mountainous region, but for descriptive purposes 
the four planes together with the Rishu plane are combined in the 
Rishu group of planes so as to distinguish the lower planes from the 
higher Roppyakusan plane. 

The Roppyakusan plane is, as represented by its summit level, 
always higher than 900m. and undulated with a range of variation in 
relief about 600m. at the maximum. Because a high and a low plane 
in the undulation are found to be separated by a relatively steep 
scarp at some places, the Roppyakusan plane must be an ageregate 
of two or more planes in different altitudes. But they are difficult 
to analyse because, unlike the Rishu group of planes, they are relics 
of the old peneplanation which remain as patches of undulation. 

The Roppyakusan plane is as a rule detached from the rivers and 
valleys of today by a steep slope below the height of 900m. or so 
above the sea-level. The contrast between the higher and lower planes 
is generally more significant in the western part of the mountainous 
land where the topography is in a mature stage. It becomes less 
significant toward the backbone range which is in the younger stage 
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of erosion cycle. Nevertheless the geologic structure of the moun- 
tains is highly complicated, and due to differential erosion the grade of 
dissection varies greatly. Accordingly a great variation in the topo- 
graphic relief is introduced. It is rather seldom that the river flows 
for any long distance along any tectonic line. The main course of 
the Kanko river which meanders among the mountains must be ante- 
cedent. 

In marked contrast to this hydrographic habit the Gojusen which 
flows into the sea of Japan is a fault line valley. It runs along 
faults which is a shattered zone in taking a meandering course, except 
in the vicinity of Sanchoku where it turns to the east abruptly and 
flows into the sea. Because the divide is located much closer to the 
Japan sea than to the coast of the Yellow sea rapid erosion took 
place on the east side. Near Kochiri where the Gojusen is captured by 
the Rakutoko, is seen an excellent wind gap. Because the erosion was 
rapid along the Gojusen, its lateral erosion destroyed the older low planes 
to a larger extent. In consequence it is difficult to classify the low 
planes of Reito as was done for the Rishu group of planes. But it is 
noted that there are also several rock terraces near Kochiri along the 
Gojusen which are remnants of older erosion planes. Near Sanchoku 
and Koryo there are hills of about 100m. in height, and coastal 
terraces of similar height are seen near Koryo, Bokko and Sanchoku. 

The summits of Roppyakusan, Shikinzan and their environs to the 
east of the upper Gojusen are particularly flat ; and about 1,000 to 1,259 
m. above the sea. Because this flat plane is not dislocated by faults in 
the Taihakusan dislocation zone, it is evident that the Roppyakusan 
plane was a product of peneplanation after the block movement. Be- 
cause the Roppyakusan plane was elevated before the completion of 
the peneplanation, it is represented by an undulated plane the relief 
of which ranges up to 600m. at the maximum. 

As mentioned already, the block movemet subsequent to the Shi- 
ragi deposition was accompanied by the late Mesozoic Bukkokuji igneous 
activity. The fault mesh in this region was thus introduced. The 
fault system is not much related to the present relief of topography 
because, leveling the faulted relief, the Roppyakusan plane was origi- 
nally brought about by erosion during the tranquil Palaeogene period. 

The Sanchoku Neogene formation consists of deltic facies in the 
southwestern part and of lacustrine facies in the northeastern part. 
This deltic sediment is mostly composed of the detritus of the Creta- 
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ceous Dobahyo liparite and covers the linear scrap on its west side. 
It is difficult to say whether it is a fault line scrap produced by 
differential erosion after the Roppyakusan peneplanation or a fault 
scarp produced by a renewed dislocation along the pre-Roppyakusan 
fault. 

The upper Miocene of Sanchoku is only gently undulated, not 
suffering from any faulting. It is one of the oldest among the basin 
fillings or blankets on the Rishu and Reito groups of planes. 

As discussed later a strong faulting occurred in other places in 
Korea in the middle Tertiary period. The linear scarp bounding this 
Neogene might be a scarp of the faulting, although there is no sup- 
porting evidence. Because there is no other Tertiary in the area, it 
is difficult to distinguish the middle Tertiary dislocation from the 
older one. Nevertheless it is evident that there is no considerable 
dislocation of the Roppyakusan plane. 

In summarizing these facts it can be concluded that the Roppya- 
kusan plane was originally the product of the Palaeogene erosion, but 
its peneplanation is still going on very slowly in the part not reached 
by the rejuvenation of the Neogene erosion. Nevertheless there is 
still a difference of 600m. between the top and bottom of its relief. 
It is therefore an unfinished or incomplete peneplane. Since the Middle 
Tertiary the subdued Palaeogene land was elevated in the form of an 
asymmetrical geanticline with its axis close to the coast of the Japan 
sea. The gradual and minor upheavals were repeated intermittently. 
As a result the present group of lower planes was introduced on each 
side of the divide. The marginal plane of Rishu is very wide, while 
that of Reito is incomparably narrower because the geanticline is 
_ quite asymmetrical. The east side of the divide which faced more 
powerful forces of erosion than the other side, is rugged. 


12. Destruction of the Tsushima basin 


Although it is not the present object here to discuss the geology of 
Japan, the description must be extended to Kyushu and its adjacence, 
because the tectonic development of South Korea is intimately related 
to that of West Japan. In northern Kyushu and western Chugoku 
there are the principal zone of the Sangun metamorphic group on the 
north side and its auxiliary zone of Motoyama on the south side 
(KOBAYASHI, 1950). On each side of the latter there is a non- 
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metamorphosed zone of the Yamaguchi group. All of them belong to 
the Akiyoshi orogenic zone. 

Metamorphic rocks of the Sonoki peninsula in western Kyushu 
have previously been referred to the Nagatoro metamorphic group of 
the Sakawa orogenic zone because they were thought similar to the 
Mikabu metamorphies in the Nagatoro zone (KOBAYASHI, 1941). There- 
fore I was led to the assumption that this zone should reveal a sharp 
bending of the Nagatoro zone toward NNW. But now I consider it 
more reasonable that the Motoyama zone is abruptly bent toward 
SSE in the peninsula, because the metamorphics of the peninsula are 
no less similar to the Sangun metamorphiecs than to the Mikabu me- 
tamorphics. Furthermore it is a general tendency of the Sakawa 
mountains to be bent to the south in western Kyushu. 

The so-called Itoshima granite west of Fukuoka intrudes into the 
Sangun metamorphic group concordantly. Therefore the granite be- 
hind the Sangun zone must be a member of the Hida gneiss group 
in the pliomagmatie zone of the Akiyoshi orogenic zone. Accordingly 
it is certain that the axis of the Akiyoshi mountains passes through 
Fukuoka and is presumably bent to the south as in the Motoyama zone. 

The major tectonic lineament of the Akiyoshi above mentioned 
remained after the Oga deformation. The Kyongsang group compris- 
ing the Wakino and Inkstone series on the mountains are folded with 
the main axis of folding running ENE and forming the Kwanmon 
syncline and the Nagato anticline. The group in northeastern Kyushu 
forms the southern wing of the syncline. To the northeast of this 
syncline there is the Nagato anticline; and the Toyonishi, Toyora, 
Mine and Atsu series and the Yamaguchi group are widely exposed 
in its saddle, in addition to a strip of the Sangun metamorphics of 
Toyogatake between the Toyora and Mine series. These four Mesozoic 
series indicate the great strength of the Oga deformation. The Ink- 
stone and even the Yawata series on it are folded, though not very 
strongly. On the Korean side of the Tsushima basin, the Kyongsang 
group is tilted but scarcely folded, although it is thrust onto from the 
north side on the northern border of the basin. Such a significant 
difference in the mode of the post-Inkstone deformation tells the dif- 
ference in the basement of the Kyongsang group which was rigid on 
the Korean side but still somewhat flexible on the Japanese side. 

Subsequent to the post-Inkstone folding the intrusion of the 
Chugoku granite took place. In West Japan it is exposed with the 
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same elongation to the axis of the post-Inkstone folding, but such 
parallelism between the granite and the Kyongsang group is insignifi- 
cant on the Korean side of the Tsushima basin. The vast terrain 
of Eastern Asia was culminating caused by the Chugoku batholithic 
invasion. In the course of the culmination there took place block 
movements. The fault mesh in the Taihakusan dislocation zone is an 
example. It is certain that the Tsushima basin was deformed by this 
block movement. 

The modification of the Tsushima basin can be recognized from 
the Palaeogene palaeogeography. The Palaeogene of northern and 
western Kyushu first schematized by NAGAo (1928) was later rivised 
by H. MatsusuiTa (1950). The coal-bearing of Ube in southern Nagato 
was previously thought to be Miocene (TokKUNAGA and IrzuKa, 1930), 
but late Eocene mammalian remains and other fossils wene recently 
discovered in it (YABE, 1944 and TaKat, 1944). Furthermore the 
Oligocene Ashiya series was found in northwestern Nagato (IMAMURA, 
1951). Therefore it is certain that the sea ingressed from the Paleo- 
Shiranuhi sea and the flat land was flooded very extensively in the 
Ashiya inundation phase. The red or purple regolith at the base of 
the Palaeogene is a product of lateritization. It is probable that the 
paralic Palaeogene in the Tsushima islands indicates the northern 
coast of the Ashiya embayment. Subsequent to the inundation the 
Palaeogene depression was somewhat modified and shifted toward 
northwest Kyushu. 

In the southeastern corner of the Korean peninsula there is the 
Choki series which overlies the erosion surface of the Bukkokuji and 
other Cretaceous rocks. It yields the Choki flora of Oligo-Miocene 
aspect, but no marine fossil has so far been discovered in it. It is 
overlain disconformably by the Bonkokuri series which consists in the 
main of andesitic flows and tufts. 

The mode of deformation which the Palaeogene suffered, is quite 
different from that of the Inkstone. The Palaeogene is principally 
deformed by faults with NNW or NW trend in addition to those with 
NNE or NS trend. It is remarkable that the displacement along these 
tectonic lines appears greater in the basement than in the Palaeogene, 
because it suggests that the displacement had already taken place 
before the deposition of the Palaeogene. It is also a remarkable 


fact that the western block is displaced to the south along some of 
these tectonic lines. 
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On the Korean side of the Tsushima basin the distribution of the 
Tertiary formation is restricted to the Urusan zone to the east of 
the Neikai-Fusan line. The Palaeogene there is cut by step faults 
with NNE trend which are parallel to the above mentioned line. 
This fault system is called Hansan by Koto and the eroded plane of 
the faulted terrain is overlain by the upper Miocene called Ennichi 
series which is distributed along the coast of the Geijitsu bay toward 
the north as far as Neikai. Its basal plane is uneven and it begins 
with boulder conglomerate. Therefore it must be a sedi nent deposited 
immediately after the middle Miocene block movement. The upper 
Miocene is slightly slanted toward the bay. 

The coastal line of this bay and that from the Choki cape to 
Urusan, as well as the outline of the Tsushima islands and the sub- 
marine trenches on both sides of the islands are all subparallel to the 
Hansan system. 

The above mentioned series of facts shows how crucially important 
the Hansan fault system was in the formation of the Tsushima strait. 
But palaeogeography suggests that the depression of the same trend 
existed already in the Palaeogene period. In Nagato and northern 
Kyushu, however, the NW or NNW faults are more prevalent than 
the NNE ones. Along some of them the eastern block is elevated 
above the western, while the western block is shifted to the south 
along some others. This shifting together with the sharp bending of 
the Akiyoshi mountains, and also of the Sakawa mountains at their 
westean ends, must be due to the pull of that part toward the south 
by the advance of the Ryukyu are. On the Korean side behind such 
shifting the block movement took place by tension. The Tsushima 
strait is thus the sunken part of the Tsushima basin and a horst at 
the midst is represented by the Tsushima islands. Thyasira bisecta 
and other fossils dredged from the sea bottom around the islands 
(NIINO, 1984) provide the proof of the extensive distribution of the 
Miocene formation in the strait. 


CHAPTER Il 


The geologic history of South Korea and its 
consideration on the comparative tectonic standpoint. 


1. Cycle of oronization 


One of the most important findings of historical geology has been 
that parts of the crust were capable of while others were incapable 
of folding. The latter is known as a geosyncline and the former a 
Kraton. On the earth there are rigid masses of various dimensions. 
The largest of the cireum-arctic Kratons is Laurentia which is widely 
covered by blankets on the south and west sides. The northeastern 
part of this Kraton which is bare is called the Canadian shield. Lau- 
rentia is one of the megakratons, while the Aar and Gotthard massives 
in the Alps are microkratons. The term, block, appears to be used 
frequently for the still smaller unit, as in block movement. 

The geosyncline is a narrow sinking zone where thick sediments 
are accumulated. Orogeny is a phenomenon which deforms a geosyn- 
clinal material. The result is an orogenic zone or arcuate mountains. 
How geosynclines have been brought about is not yet well understood, 
but it is known that the presence or absence of strong intrageosyn- 
clinal voleanism provides differential characteristics by which the 
geosynclines are distinguished into the ortho- and para-geosynclines 
respectively. Orthogeosynclines tend to become orogenic zones, as 
revealed by anticlinoria with metamorphosed axes. The Alps, the 
Caledonian mountains and the Japanese islands are such examples. 
The parageosynclines on the other hand are apt to become polyaxial 
foldings with or without metamorphosed parts as exemplified by the 
Yokusen and Heinan zones. An orogenic cycle is a series of crustal 
movements through which a geosyncline turns into an orogenic zone. 

Japan provides a typical example of the migration of a geosyncline 
through orogenic cycles. More precisely, when the inner side of the 
primary Chichibu geosyncline was made into an orogenic zone by the 
Akiyoshi cycle, its outer side developed into the Shimanto geosycline. 
Later the inner side of the secondary geosyncline became another 
orogenic zone in the Sakawa cycle and its outer side turned into the 
Yezo-Nakamura geosyncline. The inner side of the third geosyncline 
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has already folded, but the third mountains may probably be still in 
the making. These three cycles of orogeny have been analysed into 
many phases, a phase denoting a stage of development. 

In my ‘‘ Sakawa cycle’’ (1941) I classified the phases of the cycle 
into pre-orogenic epirogeny, orogeny and post-orogenic epirogeny but 
neither the pre-orogenie nor the post-orogenic epirogeny agrees with 
typical epirogeny that occurs on the Kraton. Because pre- and post- 
orogenic epirogenies are thus unsuitable terms, I now prefer to call 
them prorogeny and metaorogeny respectively. Prorogeny is a geosyn- 
clinal subsidence as indicated by the Flysch type of intrageosynclinal 
sediments of tremendous thickness which are monotonous and _ fine- 
grained. Metaorogeny is the crustal movement after an orogenic 
paroxysm. An orogenic zone is still labile in the interval from the 
mobile paroxysm to the stable post-orogenic period. The Molasse type 
of sediments accumulated in intraorogenic basins or peri-orogenic zones 
are thick, coarse and ill-sorted, because huge material was transported 
from high mountains in a short time; and facies and thickness vary 
greatly because orogenic zones are mobile or labile. 

A eycle of sedimentation is generally classified into transgressive 
and regressive and sometimes in addition, inundation phases. But this 
is an epirogenic cycle of sedimentation. An orogenic sedimentation 
also goes through cycles when a migration of geosyncline takes place. 
The latter cycle consists of the Flysch and Molasse in the broad sense 
of the terms. The Molasse in an orogenic zone merges laterally with 
the Flysch in the new geosyncline. 

When such a migration takes place, the crustal movement occur- 
ring in the already existing orogenic zone simultaneously with the 
prorogeny of the new geosyncline, is quite different from epirogeny 
or any of the three kinds of orogenic cycle. The movement is called 
here interorogeny. As the orogenic zone is the hinterland of the new 
geosyncline, it is not stable. Basins in the hinterland may be sepa- 
rated from the geosyncline by an embryonic anticline growing in the 
inner side of the geosyncline. Accordingly, if sea floods into the 
basins, it is not a simple and extensive transgression but an ingression 
through the embryonic anticline along any channel. The Triassic 
history of the Variscan mountains is an example of interorogeny, but 
it is not quite typical because it was too far from the Alpine paroxysm. 
Jurassic Japan is a typical example, although its precise description 
will be deferred to some other occasion. 
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Intrageosynclinal voleanism, the spilitiec suite in the Alpine or 
Caledonian geosyncline for example, is the igneous activity in a pro- 
orogeny which, however, varies in intensity among different geosyn- 
clines. Ortho- and para-geosynclines are distinguished by prorogenic 
magmatism. Before orogeny there takes place frequently some em- 
_ bryonie folding through which the geosyncline differentiates and becomes 
undulations. 

In an orthogeosyncline an embryonic anticline develops into an 
anticlinorium. As pointed out in my ‘‘ Sakawa cycle,’ it is quite 
probable that the Nagatoro metamorphism was going on in the inferior 
part of an embryonic anticline under a heavy load of its thick superi- 
or part. The embryonic anticline is gentle but large. It was later 
folded and thrust into an anticlinorium. Therefore the kinetic defor- 
mation of the superior part followed the static alteration of the 
inferior part of the crust. Such a crustal disturbance is accompanied 
by igneous activity which may be broadly classified into basic intrusion, 
acidic injection and batholithic invasion in the inferior part and an- 
desitic and liparitic voleanisms in the superior part. An orogenic cycle 
is closed with the batholithic invasion of granite which is, however, 
mostly not granite, though it is generally so called. It is better to 
use the term grano-diorite or quartz-monzonite, because it is derived 
from mixed magma in the orogenic period. The Sakawa cycle of Japan 
presents a typical example of these sequences which are not essentially 
different from those of the so-called Caledonian or Alpine cycle in 
Europe. The history of South Korea, however, is quite different from 
any of the histories of these orthogeosynclines, because it consists of 
a parageosyncline and two magsives on its two sides. 

Generally speaking, orogeny and epirogeny, Kraton and geosync- 
line, or ortho- and para-geosyncline, are pairs of concepts in real 
opposition to each other and therefore there are every gradation of 
change between the paired concepts. STILLE’s labile Quasikraton is 
an intermedium between the mobile geosyncline and stable Kraton. 
The parageosyncline is another intermedium which is between a qua- 
sikraton and an orthogeosyncline. 

Tectonic elements greatly vary in dimension. The microparageo- 
syneline and the two microkratons which constituted South Korea 
reveal a part of the Chinese Heterogen. Therefore the development 
of the Heterogen is the history of South Korea. Because the Hetero- 
gen was embraced by megageosynclines from its east side, it is char- 
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acteristic of the South Korean tectogeny that its development is 
intimately related to that of the neighbouring geosyncline. 

The Hwangho and Yangtze provinces which occupied the northern 
and southern parts of the Heterogen are quite different in their 
Palaeozoic history. The Hwangho province gradually became undulated 
after the Taoke igneous activity with the result that it was divided 
into elevationg lands and subsiding depressions. These latter are 
collectively called the Hwangho basin. If local ingressions in the 
Gotlandian and possibly the Devonian period are ignored, the Hwangho: 
province including Korea, South Manchuria and North China was land 
during the prolonged middle Palaeozoic era, but nevertheless the Chosen 
and Heian systems are para-unconformable except in the northern 
periphery of the basin affected by the disturbances of the Mongolian 
geosyncline. Therefore it is certain that the northern Heterogen 
elevated or subsided en bloc, but differential movements among 
various parts of the province took place in the latter part of the 
Heian period. 

The Shorin and Taiho disturbances which correspond respectively 
to the Akiyoshi and Oga orogenies in Japan, have greatly disturbed 
the Hwangho basin. Where Jurassic history is recorded, it can be 
recongnized that there were some disturbances. There is, however, 
a remarkable difference between the basin and Japan. In the former 
there was almost continuous voleanism throughout the Mesozoic since 
the late Triassic while in Japan the Triassic and Jurassic formations 
are almost free from pyroclastic material. In Korea the Shorin disturb- 
ance deformed the Heinan geosyncline strongly, but the Yokusen was 
not much folded. The Shorin disturbance was not accompanied by any 
plutonism, while the whole Heterogen was granitized by the batholi- 
thic invasion after the Taiho disturbance. Therefore the crustal re- 
volution from late Jurassic to Cretaceous was much greater than 
that before the Taiho disturbance corresponding to the Oga in Japan. 
The Nevadian disturbance in North America was almost contempora- 
neous with the paroxysmal phase of the Chinese Heterogen. 

It is certain that no migration of geosyncline took place in South 
Korea. Through the Shorin disturbance the Yokusen geosyncline was 
differentiated into some embryonic folds, and a basin brought about 
far behind in the Keiki land. No hinter basin was brought into being 
by the Taiho disturbance, but a spatulate basin came out on each 
side of the metamorphosed Yokusen zone where it was larger on the 
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frontal side than on the rear side. The Tsushima basin beyond the 
Reinan land can better be taken for a hinter basin of the Oga moun- 
tains rather than as a frontal basin of the Yokusen orogenic zone. 

After the Taiho disturbance the batholithic granite invaded into 
the massives as well as into the orogenic zones with the result that 
they were completely fused. The post-Taiho granitization took place 
not only in the Hwangho but also in the Yangtze province. As a 
result the whole Heterogen became a rigid mass. The later tectonic 
development was its fragmentation discordantly to the previous tectonic 
lineament, because the basement of the Heterogen was made almost 
homogenous by the granitization. 

In my ‘‘ Sakawa Cycle’? I proposed ‘‘ oronization” as a term for 
the consolidation of the crust. The degree of oronization becomes 
greater by folding and still more by regional metamorphism, but the 
effect of granitization is the greatest. The Chinese Heterogen which 
had been a complicated heterogeneous aggregate became a large 
homogeneous rigid mass by granitization, but then it began soon to 
break into pieces. Such a crustal fragmentation is called anoron zation. 
The Liao tectonic line, the Genzan-Keijo rift valley and the Korean 
are are all products of the post-Taiho anoronization. Anoronization 
follows oronization and the cycle formed by the two is a geological 
phenomenon of a higher order than the cycle of orogeny. 


2. Differentiation of geosyncline 


Although the concept of the geosyncline was introduced by HAL 
and Dana from their observations in the Appalachian mountains, 
the progenitor of the mountains to the southwest of New York was, 
like the Yokusen, a parageosyncline. The intrageosynclinal volcanism, 
which took place in the Ordovician period, was very weak. The 
Taconic and Acadian disturbances in the northern part of the geosyn- 
cline caused some deformation in its middle part. The Queenstone 
and Catskill deltas were respectively produced by plentiful supply 
of terrigenous material from the rising mountains. Likewise the 
change in the subsiding axis after the Jido epoch and the appearance 
of the Bansho lake must have had something to do with the Akiyoshi 
cycle of the Chichibu geosyncline which was presumably located then 
on the east side. (See postcript. ) 

As the result of the Appalachian revolution there was produced. 
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a series of parallel or subparallel folds and thrusts, their aspect being 
similar to that of the western Kogendo limestone plateau where the 
imbrieated structure was introduced from an embryonic anticline on 
the inner side and an embryonic syncline on the outer side. The 
synelinal zone is indicated by the Bansho series. Likewise the upper 
and lower Palaeozoic formations are extensive respectively on the 
outer and inner sides in the central and southern Appalachian moun- 
tains. The mountains correspond to Central Korea also in their 
geomorphological history in that the present mountains were introduced 
by upheaval after the folded mountains had become a peneplane. 

Compared to the Appalachians, the Yokusen geosyncline which was 
first denominated by YAMANARI (1926) is much smaller, but it is quite 
probable that it extended to the west through the Yellow sea, although 
it remains to be seen where the Yokusen orogenic zone recurs in 
Central China. On this question I would like to point out the fact 
that the deformation of the Weiyang phase is strong in the Nanking 
hills (LEE, 1939). 

In South Korea the zone is divided into metamorphosed and non- 
metamorphosed parts by the Chushu-Bunkei line. Although the northern 
part of the boundary has not been closely investigated, the southern 
part is indicated by a thrust line, along which the metamorphosed 
Yokusen thrusts itself upon the non-metamorphosed Yokusen, similar 
to that seen at Rhaetikon where the Eastern Alps rest on the Western 
Alps. Such a long tangential displacement as seen in the Alps, 
however, cannot be recognized in the Yokusen zone where the known 
thrusts are mostly high-angled. Therefore it cannot be expected that 
the non-metamorphosed Yokusen lies concealed beneath the metamor- 
phosed Yokusen extensively. The Chushu-Bunkei line is quite different 
from the LoGAN’s line along which the northern Appalachians have 
thrust themselves on the Laurentian front. 

It is a kind of intraorogenic tectonic boundary which lies between 
parts different in their metamorphism. On this account it corresponds 
to the Mikabu line in the Sakawa orogenic zone, but there is an 
essential difference in that the Mikabu line is parallel but this line 
is oblique to the orogenic zone. On the basis of my observation in 
the Bunkei district, I contended that the boundary thrust was introduced 
by the thrusting of the metamorphosed part en bloc on the non-meta- 
morphosed part, after imbrication within the parts, just as the Neietsu 
anticlinorium thrust itself en bloc on the Chodori basin along the Jori 
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thrust. The tectonic bearing of this thrust, however, must be more 
profound than that of the Jori thrust. 

Because stratigraphic sequence is not yet established in the me- 
tamorphosed part, we are :far from knowing its structure. In the 
non-metamorposed part on the other hand stratigraphy is quite 
advanced. There the Chosen system, 2,000 m. in thickness, is overlain 
by the Koten, Jido and Kobosan series, all together over 1,000m. in 
thickness with para-unconformity in between, which indicates middle 
Palaeozoic hiatus. Because it is certain that the geosyncline was 
scarcely deformed by the middle Palaeozoic epirogeny, it is readily 
presumed that these formations of over 3,000 meters’ thickness were 
accumulated almost throughout the geosyncline. The Greenstone series 
on the Kobosan attains at the thickness far in excess of 2,500m. at its 
maximum. In other words the basement attained a maximum sub- 
sidence of over 6,000m., but the Greenstone may not be deposited 
all over the geosyncline. 

Becuase the base of the Chosen system is unexposed in the geo- 
synclinal part of the Kogendo limestone plateau, nothing definite can 
be told of the origin of the geosyncline. But the Pre-Cambrian 
basement is exposed on its lateral sides. On the southeast side where 
more exact observations can be made, the Sohsan quartzite lies on 
the flat basement. It is certain that the Reinan massive was a flat 
land at the time. The quartzite is a deltic sediment containing well- 
rounded slates and others. 

As the stratigraphy of the Chosen system will be described in 
detail, only a few facts of tectonic importance are noted here. The 
thickness of the great limestone formation is fairly constant, but the 
thickness varies from 40 to 300m. in the Sohsan quartzite and from 
80 to 250m. in the Beiho slate. Accordingly the total thickness of 
the Chosen system varies to some extent. But it is thinner in the 
eastern than in the western plateau, being about 1,390m. thick on 
an average. This part of the system may be the sediment in the 
shallow shelf sea, because terrigenous beds wedge in and intraforma- 
tional limestone conglomerates are developed in the system. 

In the western plateau, and in the axial part of the geosyncline 
in particular, carbonaceous muddy limestone and slate are developed 
in the late Middle and early Upper Cambrian. The black slates appear 
similar to pure graptolite shales in their lithic aspect. This kind 
of black mud facies may indicate an off-shore sediment in the Sargass 
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sea, as emphasized by RUEPEMANN (1934) in his discussion of the origin 
of the pure graptolite shales. The Olenoides zone of Neietsu belongs 
to this part whence later Olenuws and several other trilobites were 
discovered in different horizons—trilobites known from remote places 
but quite new to Eastern Asia. ULRICH and ScHUCHERT (1902) have 
once claimed the appearance of an axial elevation in the Appalachian 
geosyncline in the Ordovician period, but in the Yokusen geosyncline 
there is no evidence which suggests such a swelling ridge, but the 
axial part subsided most, at least till the Jido epoch. 

It is certainly a remarkable fact that the Hwangho basin was 
neither deformed nor eroded during the land period from late Ordo- 
vician to early Carboniferous. At that time the Hwangho basin must 
have been simply kratonic. Subsequently the Moseovian and Sakma- 
rian subsidences invited marine transgressions. 

After the retreat of the Sakmarian sea, the warm humid land 
surrounding the basin became covered by thick vegitation and the main 
coal measures were deposited in the basin. Later the climate became 
more arid in the Kobosan epoch when the Gigantopteris flora flourished. 
Still later in the Greenstone epoch it became so atid that no vegita- 
tion could flourish inland. As discussed elsewhere (KOBAYASHI, 1950), 
the increasing aridity depends on the appearance of the Mongolian 
orogenic zone and the upheaval of the embryonic Akiyoshi anticline 
by which the Chinese Heterogen was embraced. 

The sequence of Japan shows that the Chichibu geosyncline modi- 
fied by the prorogenic warpings in the Usuginu phase between the 
Permian and Triassic and the Misaki phase between the Skytic and 
Anisic epochs. The geosynclinal subsidence was great after the Usu- 
ginu phase and still greater after and Misaki phase. From the great 
geosynclinal subsidence indicated by the thickness of the strata, the 
reciprocal upheaval of the embryonic anticline can be presumed to 
have been great, if the source of the terrigenous material is surmised. 

The change of the subsiding axis after the Jido epoch must have 
been sympathetic with the Usuginu movement. The great subsidence 
of the Hotokonri basin in the Greenstone epoch is comparable with 
the Aniso-Skytie subsidence in the Chichibu geosyncline. 

It is probable that the Chuhosan dome and the Neietsu anticline 
were reciprocally elevated at the same time as subsidence. These 
undulations were unquestionably very gentle, but the geosynclines were 
gradually differentiating into positive and negative elements which 
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were to become embryonic anticlines and synclines in the Shorin phase, 


3. Embryonic folding and imbrication 


A geosynclinal material deforms strongly in a relatively short 
time, but deformation is not restricted to the time of disturbance 
but goes on slowly before and after it. The Yokusen geosyncline di- 
fferentiated into undulations in the Usuginu phase and the differential 
movement was greatly accelerated in the Greenstone epoch as indicated 
by the tremendous thickness of the Greenstone series. The undulations 
thus emphasized, developed into embryonic folding by the Shorin dis- 
turbance. The contemporaneous deformation was much stronger in 
the Chichibu and Heinan geosynclines but sharp folds were quite local 
in the Yokusen geosynclines. These gentle folds were, however, the 
progenitors which developed into the complicate imbrication in the 
Taiho phase. 

When the same formation occurs repeatedly in belts by folding 
or thrusting, the crustal movement recorded in it can be figured out 
specio-temporally by its lattice analysis. In the southern part of the 
central Shikoku the early Cretaceous crustal movements and the palaeo- 
geographic changes caused by them were deciphered by this method 
and the result reported in detail (KOBAYASHI, Kimura and Huzita, 
1945). Prior to this study a lattice analysis was attempted on the 
Bansho series and in accordance with its revelations the Shorin dis- 
turbance should be distinguished into three phases as follows: 

1) Early Shorin phase in which the incipient undulation became embryonic up 
and down warpings. 

2) Middle Shorin phase in which the broad warpings somewhat reciprocal to 
the preceding and the Bansho lake was introduced in the depression. 


3) Late Shorin phase in which the whole Yokusen zone was heaved up and 
the lake disappeared. 


The Hakuunsan syncline virgated to the east from the syncline on 
the outer side of the Yokusen zone and the lake expanded in the 
Seizen-Girinkitst-Neietsu triangle. The deltas of the lake and the 
surrounding mountains can be restored in detail by lattice analysis. 
Furthermore the movements in the zone can be correlated with those 
in the hinter basin of Rampo with some accuracy. 

Most of Korea was land during the Jurassic period, and therefore 
there is no direct evidence which can specify the age of the Taiho 
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disturbance, but it is presumed to be in the late Jurassic or Juras- 
so-Cretaceous transition, because Eastern Asia as a whole was more 
tranquil in the Jurassic than in the period before and after. 

The imbrication of the Yokusen zone was brought about by this 
disturbance. Although there is no synorogenic sediment, the tectonic 
development can be analysed into the following subphases by the re- 
lation between the active and the passive, or more precisely by the 
relation between two faults, one cut by the other. The former must 
be older than the latter. 


1) Early Taiho subphase in which the embryonic folds developed into the Hoto- 
konri synclinorium, the Neietsu anticlinorium and other major tectonic elements. 

2) Middle Taiho subphase in which the Neietsu anticlinorium thrust itself en 
bloc upon the Hotokonri synclinorium. 

3) Late Taiho subphase in which the northwestern side thrust itself on the other 
side with the result that the structure of the Seizen zone was completed. 


As to the Neietsu anticlinorium the three steps of development 
ean be distinguished in its early subphase as follows: 
a) The differential folding between its eastern and centrowestern parts. 
b) The development of a series of folds in the centrowestern part into a series 
of thrusting sheets. 
c) The thrusting of the centrowestern part en bloc on the eastern part along 
the Masari thrust. 


The thrusting of the metamorphosed part on the non-metamorphos- 
ed part along the Chushu-Bunkei line may have taken place after 
the completion of imbrication in the latter part. It is certainly note- 
worthy that thrusting en bloc or Scholleniiberschiebung took place after 
the folding and thrusting within the block had been well advanced. 

There are several tectonic lines running parallel to the Seizen 
zone which attains a maximum length of 100km. or more. Its aspect 
is similar to that seen in the central and southern Appalachians. It 
is a general tendency in the western plateau that the rocks are more 
metamorphosed on the northwest side than on the other. The structure 
of the Heisho zone is unknown because it is barren of fossil. Because 
most of the thrusts dip 45 to 60 degrees to the west and many of the 
thrusting sheets are 5 to 10 km. in breadth in the Neietsu anticlinorium, 
the anticlines and synclines in the anticlinorium before the thrusting 
are presumed to have been regularly isoclinal and similar in magni- 
tude. The deformation of the synclinorium on its southeast side does 
not differ much from it. 
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The imbrication of the Yokusen zone is different from the Scot- 
tish one which consists of a few principal thrusts and many auxiliary 
ones. The outer zone of West Japan is more or less similar to but 
different from the Yokusen zone in the more arcuate course of the 
thrust lines. 

As noted already in my ‘“‘ Sakawa Cycle,’’ it is more similar to 
that of the Appalachians in its long parallelism, but still different 
in that the thrusting becomes weaker toward the Allegheny-Cumber- 
land border in the latter. This was probably because the foreland 
was the low mid-continent, but on the contrary there was the high 
Reinan land in front of the Yokusen zone. 

It is especially noteworthy in this zone that (1) the Chosen system 
is mostly composed of limestone, but (2) the Heian system of terrige- 
nous sediment and (3) conglomerate is extensive in the basal part of 
the Bansho series. Furthermore (4) the Hakuunsan syncline virgates 
from the Yokusen zone in a direction diagonal to the folding of the 
zone. They as a whole provide excellent examples of differential de- 
formation caused by the same disturbance. They give clear views of 
(1) the isoclinal folding of the Heian system in the syncline, which 
develops into the thrustings of the Chosen system in the north, (2) 
the basal conglomerate of the Bansho series which resisted the waves 
of folding and (8) the remarkable intraformational folding within the 
limestone of the Chosen system and (4) the same kind of folding of 
the shale between the sandstones in the Heian or Bansho formation. 
(5) The difference in resistances resulted in basal sliding between the 
competent and incompetent rocks. 

Through these observations it is found that competency, decreases 
generally in the order of conglomerate, sandstone, shale and limestone, 
or in other words, in the order of grain size because the Jiner the grain, 
the easier it is to change their relative positions by compression. In the 
Neietsu and Sanchoku coal-fields the coal measures greatly vary in 
thickness. Where the coal-bearing Jido series is Strongly disturbed, 
there are swellings forming pockets of powder coal at some places. 

In this region chert is rare but in Japan it is seen that chert is 
folded or even fluted intraformationally more easily than limestone. 
In a study on Radiolarian rocks (KoBAYASHI and KImuRA, 1944) it was 
noted that when chert is folded, (1) radiolarians lose their Spines by 
rotation, (2) spines are aligned parallel to the direction of shifting of 
particles because that is the line of least resistance, (8) spines dissolved 
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easily because their surface area is great relative to volume and (4) 
radiolarians lost their structure and was elongated by compression 
till they became-simple ellipsoids of silica. In Kogendo trilobites and 
other fossils are sometimes deformed in two dimensions and sometimes 
in three dimensions. At some clear-cut exposures of the Chikunsan 
shale, trilobites twisted in three dimensions were found, but the Chi- 
kunsan shale formation itself is apparently monoclinal. Therefore the 
twisting must be due to intraformational deformation. 


4. Granitization and fragmentation 


The primary fragmentation of the Pre-Cambrian Kraton and the 
secondary one after massives and orogenic zones were fused by grani- 
tization, can both be seen in South Korea. The fragmentation of the 
Reinan massive is an example of the former and that of Korea after 
the Taiho disturbance is an example of the latter. 

While the Chosen system and, the Koten and Jido series are not 
much different in facies and thickness between the Hakuunsan syncline 
and the Chuhosan block, it is known that the subsiding axis changed 
somewhat after the Jido epoch, probably influenced by the Akiyoshi 
prorogeny, and that the subsiding zone was transformed into the em- 
bryonic Hakuunsan syncline inclusive of the Yohosan basin by the 
Shorin disturbance. 

The Yokusen geosyncline was compressed from northwest to south- 
east by the Taiho disturbance. Because the embryonic syncline of 
Hakuunsan ran from west to east, the compression introduced diagonal 
folds in the western wing of the syncline. Seeing that the Baikwado, 
Suriji and a few other long tectonic lines are subparallel to the dia- 
gonal fold, it is certain that the Chuhosan block was broken into 
pieces. | 

It is a remarkable fact that the terrain to the north of the 
Hakuunsan syncline is imbricated by thrusts parallel to the above 
mentioned diagonal folds. The Baikwado tectonic line is especially 
important because the folding and thrusting are mostly restricted to 
the west of this line and the syncline is not much disturbed and the 
Chosen system on the Chuhosan block warps gently. 

Between the block and the syncline, however, there took place a 
remarkable differential movement to form the Chodori upthrust of the 
former upon the latter. The vicinity of Girinkitsu where the Baik- 
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wado tectonic line crosses this tectonic line, reveals a very complicated 
structure. The waves of folding dashed against the Chuhosan block and 
the frontal anticline and syncline in front of it became ripples. Ripples 
or minor folds thus brought about became thrusts. The Baikwado 
thrust is therefore a boundary thrust running through this Schuppen- 
struktur between the anticlinal and the synclinal elements. 

The Hakuunsan syncline is arcuate with convexity on the north 
side because it was introduced incipiently by the differential movement 
between the negative Chuhosan and the positive Taihakusan block 
probably in the Shorin phase. In the Taiho phase the syneline was 
compressed from the north till it became an asymmetrical syncline 
with axis on its north side and the Chuhosan block thrust itself up- 
on the syncline at a high angle. How the low-angled thrusting within 
the Heian system of the Hakuunsan syncline to the north of Joanji 
and those within the Chosen system of the Chuhosan block near 
Robokusan were introduced, is not thoroughly understood. They may 
be due to the differential movement within these formations which 
might not have caused any great dislocation on the Pre-Cambrian base- 
ment. The Heian system is more widely disturbed on the east than 
on the west side of the Kanpakusan fault. The peripheral anticline 
of the Yohosan basin and the Hakuunsan syncline are both inclined to 
the north at their junction where the upper Chosen system and the 
lower Heian system of the anticline is wrinkled into minor folds each 
of which has developed into a small thrusting sheet. The strongly 
arcuate thrusts are no more than 3km. in breadth. They alternate 
one with another to form a Schuppenstruktur. 

Similar structure is found not only along this boundary but also 
on the two sides of the Gojusen river which, cutting the Chuhosan 
block, flows NNE. 

1) The Yohosan basin was primarily the northern expansion of the Hakuunsan syncline. 

2) A narrow ditch, however, was formed along the river. 

8) The foldings on the upper Chosen and lower Heian formations wrinkled into minor 
folds toward the ditch. 

4) The folds developed at length into arcuate thrusting sheets. 

The terms, Schuppenstruktur and imbrication, have long been 
thought to be synonymous and very obscurely defined. In the Kogendo 
limestone plateau there are two distinct types of thrusting structures 
as follows: 

1) The structure is composed of a series of long parallel or sub- 
parallel thrust-sheets for which it is better to use the term imbrica- 
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tion. It is found in the deformation of the geosynclinal part. 

2) The structure is composed of a number of small arcuate 
thrusting sheets which are aligned more or less alternately. Because 
its aspect is quite similar to that of fish-scales, it is appropriate to 
apply the term Schuppenstruktur to ‘this type of structure. It is 
found on the block at its corners. 

The Hakuunsan syncline is limited by the Kochiri fault on its 
north side. The Chuhosan block beyond it is bisected by the Bakyori 
fault. A narrow belt between this fault and the Tenri fault through 
which the Gojusen meanders is the Gojusen shattered zone. As des- 
eribed in the preceding chapter, the mode of faulting is different 
among these tectonic divisions. 

Because such a blocking of the Reinan massive was finished by 
the end of the Bukkokuji igenous activity, it is quite reasonable to 
consider that the Gijo wedge sunken before, the deposition of the 
Kyongasang group, due to the fragmentation of the Reinan massif into 
the Taihakusan and Tokuyusan blocks. Because thrusting between 
the metamorphosed and non-metamorphosed parts of the Yokusen zone 
is found in the northwest part of the wedge, the movement of the 
block sympathetic with the thrusting of the metamorphosed Yokusen 
may have produced the down-warping in front of the block, that be- 
came the depression of the Gijo wedge. 

It is indeterminable how far the Reinan land extended toward 
the southeast before the deposition of the Naktong series, but at any 
rate the Tsushima basin is a hinter basin of the Oga mountains. The 
Naktong lake at the beginning was larger than and detached from 
the Wakino lake. But it became a large single depression in the 
Inkstone-Shiragi epoch. The Kyongsang group in the basin is much 
thicker on the Korean side than on the Japanese side. It measures 
4,000—4,500m. in the Naktong, and 4,500—5,000m. in the Shiragi 
series in the Taiku-Keishu section, roughly 10,000 m. in total. The 
Wakino and Inkstone series are 900m. and 2,800 m. respectively and 
about 3,200m. when taken together. 

The Rampo basin was produced behind the Yokusen zone after the 
Shorin disturbance, but none after the Taiho disturbance. In the 
Akiyoshi and Sakawa orogenic zones post-orogenic narrow basins were 
introduced along the Akiyoshi and the Sakawa median line, as well as 
along the Mikabu line and the like. But there is no intraorogenic 
basin in the Yokusen zone. 
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There are narrow spatulate grabens along its borders, where the 
Shiragi series had deposited. The basin on the frontal side is large 
and the series measures 2,500 m. at Eido, i,900m. at Chinan and 
1,200m. at Wajun. The basin on the rear side is small and the series 
is only 600 to 700m. at Koshu. 

The Shiragi series is only about 500m. thick at Kochiri in the 
eastern limestone plateau where it spreads over a fair sized area on 
the Taihakusan dislocation zone, but the series at Dobahyo is a tiny 
strip within the Gojusen shattered zone. 

The series in these basins are all products in the depressions at 
intervals between the primary and secondary fragmentations. 

The eruption of andesitiec rocks in the Shiragi epoch was fol- 
lowed by liparitic ones in the Bukkokuji epoch. At the same time 
there took place a great batholithic invasion. If the Yokokura igneous 
rocks are excluded, the Cretaceous granitic rocks in Western Japan 
are exclusively on the inner side of the median tectonic line. Batho- 
lithic granite intruded into the ancient blocks as well as into the 
orogenic zones in Korea. 

The vast terrain of Eastern Asia was granitized by the invasion of 
the Chugoku batholith with the result that the orogenic zone was fused 
with the blocks. Therefore the secondary fragmentation took place 
without any relation to previous tectonic lineament. In other words 
there is a great discordance between the tectonic developments before 
and after oronization. Cutting the Heinan and Yokusen orogenic 
zones, the Korean are began to appear. While the earlier fragmen- 
tation of the ancient massives into blocks was an accessory phenomenon 
caused by the orogeny which deformed the geosyncline, the later 
fragmentation is an independent phenomenon in itself. Furthermore 
it is a remarkable fact that the earlier fragmentation is not much 
related to igneous activity. The later fragmentation began with 
batholithic invasion which occurred in the later orogenic phase of the 
former disturbance. The Akitsu culmination caused by the invasion 
at the transitional time from late Cretaceous to early Tertiary in- 
troduced faults along which lipalitie dykes have intruded. 

Still later in the middle Tertiary there took place a Grossfaltung 
and also faultings at certain places through which basalts and alkaline 
rocks were repeatedly effused. Between the two crustal movements 
there was a tranquil period when peneplanation took place and the 
Roppyakusan plane was introduced. 
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In the Kogendo limestone plateau the earlier disturbance was 
severe in the Taihakusan dislocation zone where the mosaic faults 
were made. The faulting was, however, different on the two sides 
of the Kochiri fault. On its south side step faults were formed with 
the downthrow on the west side and they reach the Kanpakusan fault 
of which, however, the downthrow is on the other side. 

On the north side of the Kochiri fault the Gojusen shattered zone 
is a kind of graben between the Tenri and Bakyori faults. The rect- 
angular disposition of this graben relative to the Hakuunsan syncline 
apparently resembles that of the Rhein valley to the Jura mountains. 
On its east side there is a complicated fault mesh which cuts the 
Chosen system, but the Pre-Cambrian basement is extensively ex- 
posed farther east beyond the Kochiri fault. 

The upper Miocene of Sanchoku is in part a fossil delta or an 
alluvial fan which existed at the northern end of the Gojusen graben, 
but the facies of the fan somewhat abruptly merges with the fine 
lacustrine sediment farther north where it laps over to the east, 
covering the Bakyori fault. Furthermore it can readily be seen near 
Roppyakusan that the faulted blocks are beheaded by the Roppyakusan 
plane. Therefore it is certain that the middle Tertiary upeaval of 
the plane was not accompanied by faulting in this part of Korea. 

In North Korea faulting at the time was strong. As a result the 
Kishu-Meisen graben and the Shichihosan horst were produced. The 
Kankyo fault system which is responsible for their appearance, how- 
ever, has the downthrow generally on the northwest side i.e. on the 
side of the Gaima plateau. Therefore the southern scarp of the plateau 
must be an erosion product. The Palaeogene of the Fushun and Hozan 
eoal-fields are also cut by faults. Where the Palaeogene is absent, it 
is difficult to decide the age of the block movement. But the Genzan- 
Keijo rift valley, the belts of the Daido series of the Rampo area, 
the spatulate grabens of the Shiragi series in the Yokusen zone and 
so forth indicate block movements. The Taihakusan block thrusts 
upon the Gijo wedge along its north border. 


5. Oronization and Anoronization. 


The Chinese Heterogen is so intimately related to the Mongolian 
and Chichibu geosynclines that tectonic developments of one of them 
cannot be explained without reference to those of the others. In the 
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history of the Japanese islands it is recognized asa general tendency 
that waves of folding diagonal to the Japanese are were aligned en 
échelon in the prorogeny, while the folding in the orogenic period is 
parallel to the are. The échelon structure in the northeastern part of 
the Kogendo limestone plateau must be genetically related to the 
folding in Japan en échelon. 

Nevertheless Japan is related in the Cretaceous and older history 
more closely to the Touman-Suifun area than to Korea proper. The 
area may be said to be a part of Japan which was left after the ap- 
pearance of the Japan sea. It is much easier to explain the history 
of Eastern Asia when Japan is on the east side of Korea, although 
their relative positions have changed from time to time. 

West Japan one can now see is the part to the south of the 
Akiyoshi axis except the Hida plateau and a few spots which belong 
to the pliomagmatie zone of the Akiyoshi mountains. The Mesozoic 
and later formations overlying this granitized gneiss basement escaped 
any sharp folding. 

On the southern side of the Hida gneiss zone there is the Sangun 
metamorphic zone and then the Yamaguchi folded zone. In the 
western part, however, the last zone is bisected by the insertion of 
the Motoyama metamorphic zone. 

Because these zones were not well oronized before the Chugoku 
batholithie invasion, they suffered Bruchfaltung in the Oga phase. It 
has been. fairly well ascertained since recently that the Itoshima 
granite adjacently .to the west of Fukuoka intruded into the Sangun 
metamorphics concordantly. Because it must be a member of the 
Hida gneiss group, the axis of the Akiyoshi mountains runs from the 
Hida plateau to Fukuoka in northern Kyushu. 

Because the Tsushima basin lies on the Reinan land on one side and 
the Akiyoshi mountains on the other, the boundary in these basements 
is unknown, but there is a great difference in the deformation of the 
Kyongsang group. It is folded in Nagato and northern Kyushu whereas 
it is generally monoclinal on the Korean side of the Tsushima basin. 

Aside from local foldings, the blanket after the invasion of the 
Chugoku batholith is, however, unfolded even on the Japanese side. 
On the Korean side the Urusan zone to the east of the Neikai-Fuzan 
line is cut by step faults of the Hansan system. The Tsushima horst 
and submarine ditches on its lateral sides are all parallel to the fault 
system. They reveal as a whole a block movement by tension. 
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- In western :Chugoku and northern Kyushu there are faults in 
similar direction but the NW to NNW faults are more predominant 
and control the distribution and deformation of the Palaeogene. Some 
of them show a southerly shifting of the western block. 

Central Kyushu lies between the faulted northern and folded 
southern terrain. The Kuma land in southern Kyushu which is a part 
of the Sakawa mountains is an obstacle wedged in between the Oya- 
shima folded zones of the Cretaceous and Palaeogene formations or 
more precisely, between the Nakamura zone on the south and the Ama- 
kusa islands and other places in central Kyushu on the north side. 

The Sakawa and Oyashima mountains are sharply bent to the 
southwest in southern Kyushu and so probably are the Akiyoshi 
mountains in northwestern Kyushu, because the Motoyama zone forms 
the Sonoki bending. The sharp bending of these mountains. must have 
been due to the southern advance of the Ryukyu are. The southerly 
shifting of the western block relative to the eastern one as seen in 
northern Kyushu and its adjacence is also an indication of the same 
pull. The southern bending of the Hakusan volcanic zone must be 
related to the shifting. 

The movement was strong before the Palaeogene as well as after 
it. Shifting or sliding caused the fragmentation of the Tsushima 
basin and the sunken part became the strait. The Hansan fault 
system indicates tension on the rear side. 

The Korean arc is a product of anoronization from the late Cretaceous 
period revealed by an asymmertical warping and associated faulting. 

In the middle Tertiary period there was a marked faulting of 
the Kankyo system in North Korea and of the Hansan system in South 
Korea. In Central Korea on the other hand the typical two-cycle 
mountains were introduced by the upwarping of the asymmetrical 
geanticline which was repeated without faulting. 

The Taihakusan range is a product of such Grossfaltung which is 
traceable as far as the central Manchurian plain where it is shown 
by the divide between the Liaoho and Sungari rivers. 

There is a Peri-Korean chain of voleanoes comprising Mt. Hakuto, 
Utsuryo and Saishu islands. In the mountainous land of Gaima-East 
Manchuria the upwarping was made with axis subrectangular to the 
preceding which was asymmetrical and the Gaima plateau terminates 
at the southern scarp. This land is extensively capped by plateau 
basalt at some places. 
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Summarizing all of the known facts, it can be said with certainty that 
Korea entered into a period of anoronization through the batholithic 
invasion during whieh the Korean are was began to be produced. This 
are and the Ryukyu are are aligned en échelon forming a still larger are 
known by the name of Peri-Tunghai. As discussed in my ‘‘ Sakawa 
Cycle,’’ the Ryukyu are is a growing orogenic zone. In other words 
the southern wing of the Peri-Tunghai are is oronizing, while its nor- 
thern wing is anoronizing. Kyushu between the two wings is inter- 
mediate or perhaps it is more accurate to say that the well oronized 
northern part or the basement was anoronized, while the anoronized 
part in the south or the non-oronized blanket on the basement was 
oronized. Because oronization and anoronization take place in the two 
wings of an are, it may be the different stages of the same tectonic 
development caused by the same agency which occurs different places 
having different conditions. 


POSTSCRIPT 


Last fall I had the happy opportunity to participate in the excur- 
sion through the northern Appalachian mountains before the annual 
meeting of the Geological Society of America at Boston, Mass. and to 
see actually the advancement in the research of this orogenic zone 
made since I had seen in the southern Appalachians on the occasion 
of the 15th International Geologic Congress at Washington, D.C. in 
1938. It is now well established that the metamorphosed zone between 
the so-called St. Laurence and Acadian geosynclines is the metamor- 
phosed axis of this orogenic zone where the intrageosynclinal voleanism 
has been intense. The piedment plateau on the Atlantic side of the 
central and southern Appalachians is going to be prooved as its 
southern extension. Therefore the Appalachian geosyncline is evident- 
ly an orthogeosyncline in kind, instead of a parageosyncline and the 
Appalachian orogenic zone is an: uniaxial anticlinorium with a meta- 
morphosed axial zone. The Appalachian mountains to the west of 
the Blue ridge thrust which used to be considered the main 
part of the Appalachian orogenic zone is no more than its frontal 
non-metamorphosed part. As pointed out on page 259, the imbricated 
structure there is certainly similar to that of the northwestern 
Yokusen zone, but they are essentially different in the presence or 
absence of the metamorphosed axis respectively. 


March 20th, 1953 
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Genshu (GERD sacereeceseusesee ner cesece Wonju 
Genzan)(Gure pacocsarocke seme earte ss Wonsan 
GetsukokuiG@ 3 Ao) eces-tncseseseee. coueee Wolgok 
Getsusany Gill rrcectse-coseaecoree Wol-san 
Gio CRS ee SRS Uisong 
Girmnkitsi (Gace naie ces ee eee eee Uiimgil 
Godaisen (GpBE)I]) --.cccceecceeenes Odae-ch’on 
Goyusen (Gacy Deweacw ceeee sees Osip-ch’ on 
GOSUIS CES aren caeeees tee eee Hapsu 
Gunkangu (EET ).....eeccceseceees Kun’ gan’u 
Gunseimen (#BPHE) ........... Kunso-myon 
GQUNZAN GRIND ccrawteccaseceasueeeeceeare Kunsan 
Gyolkdoy (aii) rees- ceases aes cts Ok-tong 
Gyokujoho (4H)... Ongny6-bong 
Gyokuket:(SQB) ...ccsesocevsvevessccesese Okkye 


Gyokubasan (FE ELL) .....eeeeeeeee Okma-san 
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Gyoryusan (#QFELL]) ..--..ccereeee Oryong-san 
Hachionsan (/\#RLL]) -.eseeeeeeeees P’alun-san 
Hakkwari (E]REHL)  --+-sseseeseees Paekhwea-ri 
Hakkwasan (43H |L]).-.----+0++ Paekhwa-san 
Hakuheisan (RIL) ----.-+ Paekpyong-san 
Hakutosan (FYRAI[) -.--cessereeeee Paektu-san 
Hakuunsan (FBZ) -seeeessee ee Paek’un-san 
Hatsuosan (2SHE[L])  ---eseeeeeee Palwang-san 
Heiannando (F233) ---P’yOngan-namdo 
Heianri (2E22 HB) -sseeeeeeeeeseeres P’yongan-ni 
Heishoko (783%) .--+ P’yongch’ ang-gang 
Hihosan (FRILL) ---eeeeeeseeeeeree Pibong-san 
Heijo CZERE)  ceecccccsseeeeeeeenenees P’yongyang 
Heigen (2B [) --sscecseeeessererseenee P’yongwon 
Heisho (28 E)sceccersrseeseeseensenes P’yogch’ang 
Heizan CSL) -s.ccereeeeersereeeeeees Pyong-san 
Hokujitsuri ((tEE HL) -eveeeseeseereees Puksil-li 
Hoon-gun (BR BER) seeecesseree teers Poun-gun 
Hoshodo (/EVZEYA) «..-----+++ Pongsaeng-dong 
Hotokonri (JGR EE) -.-+ Pongdugon-ni 
Hozan CJA) ----esseeeeeseereeteeseeee’ Pongsan 
Hyori (PREZ) .ccccsseseeercoseennnnreres P’yong-ni 
Indo ((Byayf])...---ececneeeeseeeeecenree ees W6n-dong 
Fido (SFY) ..sceceecceeeerserer een neeeeeees Sa-dong 
JOANji C(ERERE) ...-eeeeeeeeseeeeeees Chéngan-sa 
Jonari (E74 E)...cceeceeeesseseereeees Sangnae-ri 
JOVI, EER) csscceceesceeeesrsseteneeesteree Sang-ni 
Jotokuri (_b 412) ....--seseeerreeee Sangdong-ni 
Jotomen CER) aiodeas eee Sangdong-myon 
Kachinfuri (FEB) were Hachinbu-ri 
Kaijo (BAB) ....cccceceseeeseereneeeeeners Kaesong 
Kainei ($77&t)....cccceceeeeeseerseree ees Hoeryong 
Kaishu (Yap) )]) -cecceceeeeeseeseeteeeeeteeres Haeju 
Kakuho (£825) -sscceeepereceeteeoeres Hak-pong 
Kanko (GRY) ...sssccesseeeereeeeesoeees Han-gang 
Kanpakusan (iQ) -+++- Hambaek-san 
Kansenri ‘(%)]| HE). ..eeeeeseeeeeees Konceh’6n-ni 
Karari (AHEEE) -..:eeceeceeceeseesseees Hwara-ri 
Kari (FEL) cccceereesserseceetsesseseeseetee Ha-ri 
Kariosan (ji FRAEL)...-.--e0 Kariwang-san 
Kasando (ASLLill]) --+--eeeereereeees Hasan-dong 
Kasetsuji C(ETIRE)  ----eeeeereeeee Hwajol-ch’i 
Katomen (PSR IBL)--.:+eseereeee Hadong-myon 
Katsudenri (fH HL) ...-..sseeeeereres Kaljon-ni 
Keijo (GiB ).--seeeeeseeseereesnenenees Kyongsong 
Keikido CBSE) cceveeeeertereenes Kyonggi-do 
Keishtr (BE vp]) .-seeseseeereeteeeeereeees Kyong-ji 
Keizanson (28 AS) --.seereereere Kyesan-mal 


Kenjiho (4tajfii) --+-eeeeeeeeeeeeeeees Kyomi-p’o 


Kigar (agp )sscceeceeeeeceeserencee semen ees Kuam 
Kiganri (ig Bh) ceeceessecsereereete Kyulam-ni 
Kimpo (4pifh) v-eeeeseeseeseeseeneeennees Kiim-p’o 
Kinsen (42J]])  scccceceesesseesrerteree Kumch’on 
Kinsenri G24) I|HL) -seseeseereeres Kumeh’6n-ni 
Kirinho (geile) ...-serseeeeeeereeees Kirin-bong 
Kish (Go) cceceeceeseeseeseeeeetenseeees Kil-chu 
Kiusan (iifiill)) --::eccerceeeeereeterees Kiuiu-san 
Kisonri CEES HL) .eeeeeeeeeereereeees Kich’on-ni 
Kochiri (ight HB) -..-seseeeseserereres Hwangji-ri 
Kochori (#5533) scescereeeeeeeeees Hwangjo-ri 
Kogendo (YJ) -+sserreereeees Kangwon-do 
Kohori (EG 77 ER) cceceeeeeeeeees Kwangbang-ni 
Kohyori (Eg2R HL )...---+seeceee Kwangp’ yon-ni 
Kokaido (Baygiti) ----.e-seseee Hwanghae-do 
Koki (ByHE) -oecceccescessneretnntenseecsenennes Kogi 
Kongosan (4plfilJLLp) --.+--sser+ Kiumgang-san 
Koryo QUE)  sse-sesees wes sasesdete Kangniing 
Kosanri (A451 Fh) ..eseeeeeeeeteeres Hyangsan-ni 
Kosenri (fig) || HL) ...-eeeeeeeeees Kwangceh’on-ni 
Kosenri (py JI|H)  cseeeessereeteeees Koeh’ on-ni 
Koshiri (Gtk EB) ceesceseneeeseeceeseeees Kot’o-ri 
Koshu CAP) -sessescescesserseceessesseces Kongju 
Koshu (Baby ]) .sssseccereesseeeennerenees Kwangju 
Kosuin (AGRE) ccccecsesesseeceeees Kongsuwon 
Kuntoji (GER) weeeeereereeeee Kundutng-ch’i 
Kurairi (Lae) cseeeeseeseereeetesseees Kurae-ri 
Kurori (JLBB HL) -eeeeeeereeteereeees Kurang-ni 
Kwahotei (SE2ES?)  -veeeeereees Hwabongjong 
Kwaidori (él) vesseeeeseeeeeese-Loedong-ni 
Kwantakusan (cI) «+--+ Want’aek-san 
Kyuhosan (JLB) -seeeereeeeeres Kubong-san 
Madenji Cit ElRp) -..:-e--eeeereesseeee Majon-ch’i 
Makudo (BE} FF) c.esceccecserseseereeteeses Makkol 
Manchido (iiis{iyli)) ...-eseeseereeeee Manji-dong 
Masari (PGE HL) ....seeeereeeeeseeees Mach’a-ri 
Matenrei (EAA) +.+eeeseerseeee Mach’ 6l-lyong 
Meisen (HAJI|) --.:sesseseeteeteeees Myongch’on 
Mensan (Aiill]) -..ssseeeseeeenseeeeeees My®6n-san 
Mintonsan CEGHEL) -.e-eeeeersees Mindun-san 
Miromen (4e22[Bl) -++-eeeeereereee Millo-myon 
Monjusan(2cERLL]) -sereereereeeeeeee Munju-san 
Mun (S22) ccecceceerenteereereeseereenenees Muan 
Myokosan (257311) -s+seeseee Myohyang-san 
Nangairi (FaHE HL) ..esseeseeeereeteeees Namae-ri 
Nanteiri (P3ZEHL) ..-eeessereeeeesee Namjong-ni 
Neietsu (2iB%) cseceeceerseceeseeteeses Yongwol 
Neikai (G23) ...-ceeecteeseereeeeerenees Yonghae 
Ohosan CES )....cercereeeeeees Aengbong-san 
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OWYO"CRRBR) irene codeseeeocesaceenneaee Op’yong 
Okeiri GA HL)......cc.ceesescenees Hoenggye-ri 
Oryokko CHER4YT)} ......cceeceees Amnok-kang 
Rakutoko (4 AYL) .......eee Naktong-gang 
Rampo"Geeiay)meitacitastececceneaecsestss Namp’o 
Reiseiko (jf §YL)  ...-..eeeee Yech’dng-gang 
Reisenri CHEJI|FB)  ...cccseeeeeeeneee YOch’6n-ni 
Renkwaho GE/EZE) -.eceeeeee Yonhwa-bong 
Renkwasan (GE7EL) «.....-e Yonhwa-san 
Renpotei (SB2ES5) oo... Yonbongjong 
Ribokuri (GUAR) wcccssececcenseeseees Imong-ni 
RUISHUG CGE) erevesesevaswt-soneonensoerases Yoju 
Ritsubokuri (SEA) «oe. eee Ryulmong-ni 
Ritsuriji- Coe Bike) .0..c0.cveesceesscee Ryulli-ch’i 
Robokusan CHAR L])......-seeceees Chomok-san 
Rorinsan CJR pRLL])....ceeceeeeceeees Nangim-san 
Roppyakusan (ABIL) ......+ Yukpaek-san 
RyOGOE CEA) cree ceuns.essveeaeseanes Niing-dong 
Ryokudenri (HEB) .........eeeeee Nokchon-ni 
Ryudori (fe yf) .......ceecesceeee Yongdong-ni 
Ry a jori Cee HD) oc .ccecoscsseetes Yongsang-ni 
RyUitens Cpe) oneewarsies onctesoaracsneucess Yuda 
Ryutosan CHEGALL]).....c.cceceeeeees Yongdu-san 
Saishori CHHAEL) ...-eccceeeeeseseeeee Sesong-ni 
Saishuto CHEE) ..ccceecescesseeseees Cheju-do 
Saiyakusan (#R#8|[]) ........206 Ch’ aeyak-san 
Samposan (=Fy[L]) ........eseeeee Sambang-san 
SANCHO CG) cases evwes uestoesas Samch’ok 
ANNO" C= F5)) cau ssearssopsosesceerosde ss Sambang 
Sankyori (=BH) .....ccccsseseseeees Samgo-ri 
Sansuido C{L7kifi]) ...-.ecsecsecenees Sansu-dong 
Sanyokai (Lf 37h) «0... ssecceccenes Sanyanggae 
Seikiho (PBR) ....ce-csccecssscecaeses Sogwip’o 
Seisenko (7#§JI]YL) «....... Ch’ ongch’6n-gang 
Seishori CHAPEL) ..csecccescceeees Ch’ ongso-ri 
ELV O; Gey GE) PO ssv.sesversenesenaseams Ch’ ongyang 
DSeizan Cal )iaesses-vewversteeece comes Ch’ongsan 
Seizen"Ghessiw...cctisccssnveccssceaanees Chongs6n 
Sekiheisan (GRILL) «.......ee Sokpyong-san 
Sekihoji CAyRIRF)  ....ceceecceeseees Sokp’o-eh’i 
Sekikakuri (GRfAH).....cceccceeee Chokkang-ni 
Sekken (All) ......cccsseccsveecoeescees Sok-hy6n 
Sekkori (74GB) ..eeccseecseeee Soghang-ni... 
Sekkyori (7G#BHB) .....ccceseescevseees Sokkyo-ri 
SenkorGigyi: ) eelivexss-osovsscennceies Som-gang 
Senyudo ((l3EHA]) .....cececseeeeees Sonyu-dong 
SHRI CEERT=))). nanoaunpouoososadsnussoe Ch’a-ryong 
Shichihosan (#¥L]) ........cececee Chilbo-san 
Shidairi- CPYFCB): v0. sccsccvesccovseseseee Sadae-ri 


Shikiunsan (FRZELL)) .....ccccneeee Chik’un-san 
Shikkoku C2RZS) ou... edecedcessenseneee Ch’ilgok 
Shikonri (FES-H1)  ......ceccarcecseness Sigtim-ni 
Shirin GaxtRiGz) sc escc-sesccerveoenes Chamiwon 
SHindOGevin), eccterecew sae eeecanteae es Sin-dong 
Shinikirt (Ap BoE) wscicesssecesanntavansen Sin’ gi-ri 
Shinkori (G7 5LEB)......ccescessseeeees Sinhiing-ni 
Shinpori C22 HL) ......cccccsscceseees Simp’o-ri 
SHInshUs GaP) ececssteaceseesceoctaesees. Chinju 
SHOE Gels eoctessececesosseadroseser ee Sangwon 
Shohakusan C/\ EYL) .....ceeceeeee Sobaek-san 
SHOMO GRAIEE i-cencsccceworsecetacetecsad Song-bong 
Shoken!Cpsh yore. s.csccssecescseeeres Song-hyon 
HOLL, CoD ecccassessuvess senasneceem succes Ch’o-ri 
SHOrinri*CRAPIE)) wivete-cesoscesseece Songim-ni 
HOSE CHAI) <.sascecacsscnevasssees Song-ch’ oh 
Shotatsumen (fipi2[A]) «........+- Sodal-myon 
Shukarei (#KEGER) ....eccceeceeee Ch’uga-ryong 
Shukitsusan (EWI)... Chuhitl-san 
snunsen eM] ) iesaasecetstiaese ees Ch’unch’on 
Shusenri (795A HL) «occ ceeeecseeeeees Chuch’6n-ni 
Shushazan (FeMDLL]) ...-..seeceeeeeee Chusa-san 
PHUZALI CREED) ecctheseccese eee Chuchwa-ri 
Sodori (AP yA EL) ...ecceceeceeeeees Ch’angdong-ni 
SOMO NCSRIBE) wince sssdaceswevneeerscters Chong-bong 
DOPING ren) -actccsaeeee os eters Ch’ang-ni 
SOMSAT MOHELA) <cestessessgeccaesest ene Chang-san 
UIESN CHM sacascasadsioienBeveccd de Suwon 
Suikatsusan CKBSLY) «.....ceeeeeees Sugal-san 
SULIT CEL EUERY: crevessbaweveeeots swesetete Suri-ch’i 
Taihakusan (FAY) ........... Taebaek-san 
Taiken (Ci) wecsiecpossccotettieasene: Tae-hyon 
Bare Cleat ay ics net eee Taegi 
Taikwanrei (7ia#) ......... Taegwal-lyong 
Taikwasan (ASE)... eee T’aehwa-san 
Deeya CHS) ate A a Taegu 
Taiwamen (AFilli])...-....066 T’aehwa-myon 
SARRE CREB cv sccesteseverstevereter. Tanch’6on 
ERUISO CPTI ances ccs csceesspn ceo Tan’yang 
Tatsukichi Gee ) sveeassccciecesseteecccnee Talkil 
Tatsutokumen (j32/#ijij)...... Taltong-myon 

Teijodo CH E}al)..........cec.. Chongsan-dong 
Meikolay* RUAS rsioc secs cb eteetecerce: Chonggok 
Teikyorl Ceti Wf )s.eciescvecccncvecres Ch’ongo-ri 
Sieh CORE) sieves wanvasvansiveacedoer Chong-ni 
POISONS CHE) | esas Goscccccademonee Chech’on 
Teishari ((222 B)........ccccccesee Chongeh’a-ri 
FPONaN SCR) ase cee. cece oe Ch’on’an 


Tenonji CRBS) ..ceccccssesvsesecces Ch’oniin-sa 
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Terri (Jf EL) cccccesseseeseeseeneeeeeteenes Chon-ni 
Tenseiri (KE)... eececeeeeees Ch’ 6nsong-ni 
Tenson (JERS) .-ecceeeeseeteereeteenee Chomch’on 
Todonri CFE HL) ceeceeseeeeeseeteeees Tot’am-ni 
Togansan (SHIT) -.eeeeeeseeteeees Tuam-san 
Toiho (S}fRIEK) ....ceeseeeereeeeeeeeeee Tuwi-bong 
Tokatsuri CORY HL) .-.--eeeeeeeees Tonghwal-li 
Tokuhori (47812) -sesseeeeeeeeeeees Tokp’o-ri 
Tokusen (4#iJ]]) ....eeseeceeeeersen reese Tokch’on 
Tokusenri (#225 HL) .--eeeseeeeenes Tokch’ on-ni 
Tokuyusan C4/0G[L) .----eesereeeee Tokyu-san 
Tomanko (GiyigYT) ---seereereeees Tuman-gang 
Tomudo (SSI) -.eeeeeeeeeeeeeeee Tumu-dong 
Tonden (1iHH)  cssseeeeerseseereeteeseeees Tunjon 
Tonnaimen CHiN) -----.+++++ Tunnae-myon 


Tsusen C5fi)]|) .-.--.:eeeeereeceereeees T’ongch’on 


Tsushin (SHY) -.ecceceeeseseeesereeeeesee T’ongjin 
Ukorei (Ej5RSR) -seceeseereeeeenes Ohang-nyong 
Unmuho (22 IE) ceesseneeeeeeeenes Unmu-bong 
Uruchin (jipi)..ssceeesssesseceeseerensnenes Ulchin 
Urusan Ciippl]) ...sceseeseeseeeeensennneaaees Ulsan 
Useizan CES BEL) ---cseseeseeceeeeereeees Oso-san 
Utsuryto (ff UE ES )-ceceeceeseereeeeeees Ullting-do 
Wajun (Fill) ....seseeeeeceeneeeeeseeees Hwasun 
Yochido (RSH) ...---seereeeeeees Yangji-dong 
Yohosan (/P@IESL])  --2:sereeeeeees Ungbong-san 
Yokusengun CKJI|EB) ------+ee++ Okch’6n-gun 
Yosanji (GSS) .ceccereeeeeeeeree eee Yangsansa 
Yulho (fEME) ..ccceecesseeeneeeeeeereres Ung-bong 
Zenra-nando (4z#EFAIH) «+++ Cholla-namdo 
Zenshu (Zz I}]) ssesseeseesererreerserenreeres Chonju 
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INDEX 


The page number is indicated by arabic figures, the table number by Roman 
numerals in gothics, the text-figwre number by arabic figures in italics, and the 


plate number by Roman numerals. 


After the plate number and separated 


from it by a virgule come the plate figure number indicated by arabic figures. 
The geological map numbers are shown by italicized Roman numerals. 


Abukuma mountains: .....4......060.s.sce008 2 
Neatian’ disturbance +.5152.tss-.dcccrseesoens 258 
Akitsu epirogeny .........:sccceeseeswees 165, 238 
Akiyoshi embryonic geanticline ...220, 261 
Akiyoshi orogenic cycle .........:..c:sse000e 163 
Akiyoshi orogenic ZONE ...........essee ee 251, 2 
A CACChIMO UA coterescsetaescsccossenseste sete 163 
ANMANGIGE Peay ce asecssn ede baat osswseaweseetltenoces 207 
Amakusa folded branch ................00006 178 
Armalsusdeislands) <.0.<.cise<ccscteeocessese sores 271 
Amur geosyncline..........c....ssecesees 167, 177 
PATMUITS HIV EF ceccaceacess ss sescewscceceseeetecesnee if 
ANGAIUSITEME. ese wnatisetsatews wok revecsuiesse eset ees 207 
Ari alot PAUL Green  occaesbosunesienessantcusee ne 4 
AngarasUrkratOnkrsssscocnnesacesrcdtee sets 177 
IAMISIG™SUALC™ wee navsssacssavcvesoasseree vagensees 219 
ANOLONIZALION ens. ecarecusesececee 177, 258, 268 
ANSAU GEPIES) ..cdsecerssan onsen cuaneetenweoteaees 172 
Anto upthrust ....... aT 2338; 518 
Appalachian mountains ............eseeeeee 258 
Asaphopsts Sandstone .........s..sseseeseeeee 167 
NSH yar SOA aes tine scces Cates baveaeacaeev eee V3 5 262 
ANSI VAP SCLIGS: 4 .susccensaes aveotenateme er aerne eee 5 
NESTE SELIES as reece os Mac dacendeose ees teces eee 5 
Baikwado tectonic line...... 205, 227, 265, 6 
Baisanry AUG s.ccsscsscscdertesccecsseets es 243, II 
IBakyorintcultieescrcccesesereteseecees 244, 269, II 
Bangetsuri formation ......c.oscevceveses cee 239 
Banshombeltitsscice,..>2sccsacecoseeeeeetes 209, 2138 
Bansho brachysyncline ..........0.csecceeseeee 226 
Bansho: lake wsvccessdseoscteesets 207, 216, 258 
Bansho series......... 147, 190, 9, 20, I, 3, Z 
Bantokusan formation .........c0scecseeceees 242 
Banunerictaul tawmcceacers cent eee 204, 9 
Basokureieranoeunsceeteceraareteenee 1 
IBACAISAIN vomraee cc Seas  SOUe Sede 6 
Beith” SIALG..ccsasesacsstvorceetecece eee eeeeeee Aan 
IBCKKOKUMI CHrUSt.cyeceutcerteseo tear ee 199, 8 


BipViceSOe Ween csevaasevenasisceceengeeecd, hiseaess 169 
BiwaWlaKed cies cnivesessconsnsdaaanmentonas emcees 218 
Blattverschiedung .....cecccccvceeccsceseacseens 178 
POCL eiaee ecdteci savas ec tsbesesiaonaesteaecmenes 254 
Bonkokuri series ............++- 172: 25243595 
Bruchfaltung ...0..2sevovsessavcceseaesesssesenes 270 
Budochis, ved.exceee vena. ovscnsssascetee meee 10 
Budochinbeliticsn. oxstecssseesancosesncsoteaetsee 209 
Bukakusan (Mukakusan) fault............ 175 
BukkoOkujt Granite: ........c.cccesssaesemeneos 167 
Bukkokuji igneous group......... 198, 246, Z 
BukKOKUjiMSeriesi.nc..s0<sessnasessencee Papi Bye 
Bunkel ‘district ic.. isis. c-sessccn caeteaeaese 
ptee.t 195, 197, 216, 227, 240, 5, 6, 7, 19 
Bunkei type S€quence .........secsecseeeeeee 4 
Bums) Zone has. neces cevccocesteocseecceee 195, 197 
Bunkolkn formation 2.<..ccss-acsceecs sees 4, I 
BiankOkutis :-ss.c.oscecs pwces cesescseen cont oneetee 9 
Bunkyokurt, fault gcecs....scsecsonconee 243, Ll 
Burejasriver” 22. seesssscsccas.eosensentoenes 1 
Buryorl anticline sa...<...ccsvacceseaccores 230, I 
Caledonian geosyncline............sseceseeeees 256 
Catskill adel tar citer ccswessiccnvcneneeeeseeens 258 
Gentralu Korea 2iicii.r- cose cassoeen- ces 246, 19 
Central Manchurian basin ................0. 167 
Central Manchurian plain ................4. 7 
CHADBTOWSHA ones. Wee srosicusuastrmacecanteoeeeeee il 
Chichibu geosyncline ............ 168, 219, 254 
@hiKariGhnnusten ences conser sceieene 2245951 
Choke HOraiete.Sueccee se scavesewesnmeareee arene 252 
@hikuungantshaleien. ccssas-scoasetoqretes 186, 4, I 
Ghilkkurel faullitceececucsce-acseteeanes 196, 201, 8 
Chinan PTADENC Ay. vcscccedus savnuaeeneateseeeres 4 
CHINANNSELIES sctcccccetnreseiieccas sanreccemeeeeee 241 
Chinchousfaullt: Wecs.ccre<sscaseneroncucceeeeeeee 175 
Ghodoritbasintehe.cesreets .esaceans 208, 204, 224 
Chodori tectonic line ......... 206, 228, 6, 9 


ChobakOsahh PANG wicciscssssssccssscareoetnwee 1 
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Chokusenkoku fault .........sseesereeees 243, II 
@WOkPSEVISSS oes da sienaconedeta teciaasers L723n5 
Chorokugamnho .........-c0ssseeees saad seaieatecess Il 
Chosen system (group) «+.-..+++++ L473 
GHOSNOLI si scedescceessnsecssrcesccneovensiatssenee igi 
Chozan formation .........:csscsscesseeeeeoeecs 241 
Chuantou stage ......ssecceeeecseseersereeeetes 175 
Chugoku granite batholith..............0++ 
cre 166, 177, 236, 252, 268, 3, 5, 1, 3 
Chuhosan block...... 179, 198, 206, 228. 4, 6 
GUSH a conosco ns scuineg senens aanemensoabnissiies 4, 6 
Chushu-Bunkei line.........-..+++ 236, 259, 263 
Chushu plane ......cccsseeeesseeeessenen ees 248, 20 
Chydnjyu Complex.........sseseeseessereereeees 238 
Claraia limestone, Kurotaki............+++ 168 
Clathropteris meniscotdes.....0-++++ 190, 222 
COMPCtENCY......seeeeereeeeereereereneeeres 226, 264 
COLGICTITE .....0ccscecsscccccacceccsorcescesaceeones 207 
COVEUNOCET US ..csessersereereerserseeecsecteeses 161 
Cryptozoon reef....esseresrsererrrereesrerseees 161 
Daido floral Group......+.ssseseeesersereeseeres 164 
Daido Series .....e.coccoccccscsscrentcotencoese 2, 3 
Daido series, Rampo ......-..+.e+++++ 222, 269 
DaiSeCNri ....secesceecsesesceeceecsecsoeesteeceeees 15 
Dalainor coal-field.........:sessessereersereores 174 
Damian .......ccscessccecesecserscctarecesessoseoces 232 
Aeltic fAaACieS.......cessecsesceeeecescsorseseesenees 249 
Devonian Corals ...-ssccsseessecsereeseneeeres 157 
differential MOVEMENT ......-sseereereerereee 228 
Dipteridaceae .........ssesreceerersreneeecereres 164 
disharmonic folding: .........:.sssessesserseres 224 
Dobahyo liparite .......seesssseesereereeees 250, Il 
Doten quartzite.........sscceecreres 186, 4, I, IL 
Fast China shelf ......:scsccsssssoreereeteeeee 178 
Fast Chosen bay ...-sscsercesssseersereerooeee 1 
East Manchurian mountainous land...... if 
Echelon Structure ....eseeesecsereereneserseees 270 
Eido graben ....sssssscecereeetssrseseetseseses 4 
Fido SCViCS ..-+ceseseecseeeeeceereeees 239, 241, 1 
PISNU...c..c2cccoccesconccocssessanccosscsscoseoecse 19 
FLISHUM .cecnescoevensrcevenesiasiaesereccescoeserees 6, 8 
Hiyo fault-angle basin .....+++++++++ 233, 4, 6 
embryonic folding  «..-..scerserserreres 256, 262 
Enmichi SerieS -.-+.ecseeceneeseeseecanecensees B55 
Entomonotis OChOtICA «...sereersersereereeres 164 
Epi-Rakuroan Interval.....ecsseeseeeeeceeres 3 
Epi-Rakuroan paraunconformity «..+++++- 
Ey eR caine ecce: corre eas 1/4, 1/5 


Fistherites COPEANICA sseccessevseesersersenes Z 
Estherites ky6ngsangensts ...-...seseersere 2 
Estherites middendorfit ......-cesseceeeeeees 2 
Eistherites Mitsuishit .....ccseceeecerseseores 2 
fault, line, Valley......cecvessesccseoseorcessc scones 249 
Flamkenkett wing .....ssssrvecsesccesecsrconeceee 176 
FUYSCH cssesscccceeccecnnnenesescneveccceeesseneaees 255 
fragmentation. .....-..ssesceseereeseeeeeteeteeees 265 
Frenelopsis hoheneggert «+.....seesereveenees 241 
Fukien-Reinan land .........sscssseeeeeeeseeee 2 
Fukutosan quartz-porphyry ...-.....++ 244, Il 
Furuayaburi thrust .........:.see++ 199, 227, 8 
Fusan (FUZan) ....cecseccccssseeceneseeeerecees 1, 4 
Fushun coal-field .........-ssscsesessoees 172, 269 
FUYO ....ccseeceeeeensecneeeeeeresseesenneesansceres il) 
Gabisan sandstone and shale......... 222515 
Gaganri.......ccceesresersenrerrserrrssersenseseeses I 
Gaima plateat............00+ 154, 172, 176, 1 
Gaiori thrust ......-..-ccsscscerescseresreeseoeee 7 
Gakoku formation ........:esseeesseres 2038, 4, J 
Gakyori tectonic lime ......-sreersereeres 244 
fo: y=) eee 207 
Gensh) 2iveeccosuswcvvorewsesrsvasvoarssossnocers 4, 6 
Genzan-Keijo rift valley...223, 269, 1, 2, 4 
GEOSYNCLINE .....ereeceeseeeesssereeceereetersseees 254 
geosyncline, differentiation............+.-++ 258 
Geteukoku cccccssccevecssoccesescssconsscosccores 8 
Getsumeisan conglomerate......-..+..-+0++5 222 
GetSUSAN ...-.cesecsscsscsecensentceteesseneesecees 15 
Gigantopteris flora .......sreseereererrseees 261 
Gigantopteris nicotianaefolid ...-..-++++ 163 
Gijo wedge «.......0++ 181, 233, 267, 4, 18 
Girinkitsu ......-..cccosesesseeee I, (83° 6, "95 10 
GlaUuconic LAUNA ..ssceccerreresesereeneeceeres 232 
Godaisen .......sccescssecesecenscecnsseeecereeces 20 
GOjUSEN ...csessereeeeesreesetsnetereeeneees 249, 266 
Gojusen shattered zone ......+.. 248, 244, 6 
GOSUi-ssscecceseccncsececevecensccseeseceenscetences 172 
Gotlandian coralline limestone ............ 167 
QTANItIZATION -..seeeereersereeesreetrereeterees 265 
Great Khingan range ......s++++. 167, LIT 
Great limestone SeVieS ......--+++0++ 159, 182 
Greenstone SeVieS......+se0+++ 160, 189, 1, J 
Green tuff formation .......sssersseeereeres 173 
GrossfaltUNng.srrrecserrrnsecsersensererces 268, 271 
Gunkangil ..sccssseccssesseerensseteetenssnseeese 8 
Gunsan (GUNZAN) «.seseeeereeseeseeseeees 241, 4 
Gyliak floral group ...-+sssesseseessessereeees 2 
Gyokkei .....sssecesseossecereeetsesenseessecenees 207 
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Gyokubasan sandstone............sse0e 222, 15 
Gyokudo fault, <.cscsaseccesnnuas 205, 228, 9, 1 
Gyokujoho formation .........s0cccesesseees 197 
Gyokujohol Klippes... sscenceeten ee teaeee if 
Gyokujohomthnisty:scseescemeeeee eee 225 
Gyomal bedgheteises rcnss.0.s sees ore 4, 1 
Hachionzan formation ...s-onses».0r00s00+-000 239 
Hakkwari tormation..;-sscsccaceeteenseeerrs 240 
Hakkwasan liparite............ccccceceseee 197, 7 
HakkWasani ZONG | ..:,soe<buavabstevewhien saree 197 
Hakuieisaii scnscweus ce recacsocdudneen keene I 
Hakusan volcanic zone .............+5 176, 271 
Hakwtosanmccgerstnareccssuasctsoenaent aceon 271 
Hakuunji black shale .....2visecsccpssesveee 222 
Hakunnsanysyneline ences eekeo. reese 
UT ONE196 5) 205 ya. 206 ye 24S anne 
Hansan fault system ......... 170; 17855253, 
Hanlca sla geet ccs .sxtssss sven eee naracaeee 1 
El aniksalowlandsnnasctisies ccc omnceeeenaee Waner 
LS EENOI LAS E sccaeny oberon Mone teen Teton aannAce 154 
HL AtSUOSAI Ancien snsencceeeeks TARO: 204, 1, 6 
Heian system (group) ...147, 186, 3, 5, I 
Heianniathrugtersessceon sees see 205, 227, 9 
Heigenmmassifl its. sation. discs tecse boca 24 
Heihoku-Gaima land..............cssesseeeeee 159 
Heth olsttszonermra estat ster tmase cere ds nereeee 2 
Heiliaoudivider.: ats. sasss scsssnle sestentaes 177 
Heinan geosyncline.............csseeseeees 160, 2 
la Kevisl 016) “nomacceeBor ec Cree ONCE ERATE ne 65. OTOL 
Heishowlaulltiecc.. snsccescsee ser neeo 201, 6, 9 
Heisho type sequence .........ss0sccseneeeees 4 
Heisho zone.........00.00. 195,, 204, 225, 6, J 
Heizanebasinme no) .e eee 214, 10, 12 
Bridey CHeISa OVOUD .osasexbasmecksnee eee 251 
ida einteroror eny. snteasesace stent. eee 164 
Eihosanvbelt 2s: serccsssessaass scenes 209,. 213, 10 
Hihosan ‘delta: ...<ssgueeatan se see te ote 12 
Ininsestaulitie... daca seaccar Smntinocor comantossere 244 
Bokufltsuri: islands: coh ewecomae 10, 12 
Homel thrust acncuca.ctue cee ees 7 
NOMOLAXISIN Weenscnasnsscceeosedee eee 164 
PIONS MOPA cscs. sss eagage emanate ee 164 
Hoshodo quartzite .cesicsseeewekeeate 197 
loshodo ‘atripirucc.ccesusthredt eeec "6 
Hotokanrintormations .ca.+.s<iessegteen 204 
Hotokonri synclinorium. .-195, 204, 219,224,6 
Hozan coal-bearing ...........e.ce6c0e6. 172, 269 
Pluanigcht: series s.;.,.1i.;daccmav eee 1 
Hutoan sedimentation cycle .....c0..666.. 155 


Ewan ho: basin ra.cs0+0.scosemensceeeereneness 155 
Hwangho province .........:sssseeseees 145, 257 
Hyori conglomerate ...........csscsecseeeeeees 222 
SION ME a teentesiveie denna abeseatee te ate ceca ae eee iy 
TET Series cds csevs esse cesescoseesrmats ese yeeros 5 
UMD LICALIOMN es popes -nsesnae su cee eeateeees 262, 266 
Indo-Pacific: fauna teni.c.0scseanneerees eee eee 168 
Indo) thrustiocsseeectecsceiw-ceeateeneeemenee ‘ie 
Inkstone series........:....+5 165,170, 2382, 5 
Mteroroweny A edsn-s -cs-cs.cceecem ees eeeteees 255 
intraformational folding............... 226, 1/38 
intrageosynclinal voleanism.................. 256 
mundabions phaser -c-acesstesees eee te eee 255 
IOclinial sfoldina eh cweceencceenene eee ee T/1 
Rtoshimaroranttes mete... cessneete nee 251 
Ttoshiroh division.sr-secees cates ete eee 170 
Itungho spatulate basin .............c0..080. 172 
J ADAM SOBs cakes vadace one secouacs ter Oe 174 
DCHON SERIES ve. nocscan eeesmsersesn eee 164, 2 1 
JIGORSerI SSiayacoceceoneeeeeen 159) SORE 
SORES oes ei sdcvenon san ROM RON 230, I 
PONBIxi LormatiOn wap). Seecvinsews Rete 240 
Jonairi thrust Sroup..s....c..s<.asoseoeee LOU: 
JOri Christen cceosces 208, 224, 227, 260, 9 
JOtokuristaul tr. ease. ose 244, II 
SUE TNOUNERING sclera. 22s saseveor de 269 
JUPASSIC RAPA aeesvessdassosecsse. eee ae 255 
Kaehiahi: PIAA ic kcaeniens See 248, 20 
TAI Onivitt wn otrsenisesioetn et SE SR 19 
WOninel Berdeg i i..o seca wniesveivs MC 172 
Kakubo. porphyrite. ......pusot abe 232 
Kank otriy eri eeiarstescacesen Seem 246, 10, 20 
Kankyo fault system ......... 172, 228, 269 
BADKYO PAN GO..ccin aceon es EN eRE ad 1 
Kanpakusan boundary fault ............... 
Pee Cas 196, 206, 248, 269, 6, Z WU 
Kansenri: formation: <1...00c20ccnm et 232 
Rarari, anticline...ccccav-nssouinewswclases 214, 10 
Kariosary( Bagi ici.isiecc.scs cc cavecs 204, 227, 6 
Basando. Tormation. as... scosvcsvoonnccectedil 232 
Beate tera aoe domes o<snncnanaceneaecai ANE. 
Kagetsu. cavaitoonaeccdtrath. geen eee I 
Katsudenri.thrust...........c0edsdedsceaeeent 7 
Rega. { SEO) ccaceescseeavinects fe eone 1, 19 
Weil: lati cs, ss onseaprordeebheaneatey 159, 220 
Keistiveniiikcccnatacwodrtene Pastis tihy J 
Keizangon wil enudtievencnma doewnet iI 
Kenjiho limestone conglomerate ......... 157 
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Kigan formation ............cssssessessereooes 239 
Kiganri anticline ...............0. 214, 10, 12 
Kiganri belt ......... GANAS CREE SRC DOTS 209 
Kimpo coal-field............csesccsessasceecesees 228 
Kimpo graben .........-ccccccsseseseneessoenes 4 
kinetic deformation ............ceccsecesseeees 256 
IRincenirimeiectertrestasccscctctsaeescsueecceness II 
Kirin-Tansen depression zone .........++ 177 
Kirinho formation. ..........cccorcecessersonsee 239 
Kirishima volcanic Zone ..........sseseeeeees 178 
Kaghanicacceseetnccscse eect veccerseassecspouss 161 
Kishu-Meisen graben ............ 223; 269, 2 
Kisonril thrust ic os. cc powecnsesenessesnse 199, 8 
Kitakami mountains......0....csccccsseneesets 2 
TRiGGans DaSsinietre.- cere cess oceaenier-e occas sesine 12 
eisai beltetevctecsc sv ecreccserosstesrestetes 209, 10 
Keiisamidelitay ceckccesssascssesesssscceseess 216, 12 
Kobosan Serie .........0s0eeeees 1605 1So9 1ee 
TROCHIPINGY coektanrsersccocdseceeesesactess 229, 6, It 
IKGCIMET CAG teeecet sca seeptece se sseap ==: 2438, IL 
Kogendo limestone plateau ...... 183, 6, 14 
KRGHOri DEltS-.scsssstecsseeoscccerteseccessaenscs 209 
Koltyori fault 2. .4......c0cccnssrsyere senses Pte ob 
Kole bedsetc asters ntvtoss siseecatatsetsenesssuess 191 
Kokulian granite ...... 17On 188ae220 ese, 
KOMgGOSAN.........seesceceesssccerceccorenseesanres 4 
KKOrGan ALC .c....cccecscseeceecsscecesaces 268, 2 
Koreo-Chinese Heterogen ...... 155, 166, 2 
TORY Om creceneesesestacteees seoesesceseonssccares 6, 19 
ROSEN eteee ec sees esareessscedeseeseswenacelns ey was 
TAG Sta dl cevidccadadaddadacsdaddeadodaatec eGeceapsunes II 
Koshur graben.....cccscseseeeeeseeeeeeeeseereetes 4 
Koshtl range -...ssscscesesececneeccesaneeeseenes Z 
Kosuin basin .......cssceeseeceneeseeseeees 214, 12 
Kosuin thrust...... 159, 226, 8, 9, 10, 1/2 
Koten Series -.....-..-ceesesseeee 159, 186, 1, I 
Koten series, conglomerate ......... wadaon 1/6 
TK PLOIaccnsesccscocasesetiscss sass aieesepernnesins 254 
Kunsan complex.......sessercereeseereessereeres 238 
Ruralis eetnreeccuncnesseseaseosesasnoceaascotuenss I 
Kurta basin ......sccseeceversceeseeseeseeees 169 
Kuzuryu division .....cccccceseseeseserserenees 170 
Kuznetsk basin ......sscsceereeceseeesereecenees 163 
Kwahotei thrust .........sccsessseceeeeereeees 225 
Kwaidori formtion .......ccssescsseersereeres 241 
Kwanmon syncline ......-s.ssesseceeees 233, 251 
Kwakwari conglomerate......-..+se-sesssr+ 222, 
Kwantakusan anticline ......... 214, 10, 12 


Kwantakusan delta.........-.00 216, 225, 12 


Kyanite se cevepcsesacccone-seseveters orenmsngsncenes® 207 
Kyongsang group.........-+ 165, 170, 230,-3 
Kyongsang basin, Hido i ee 
Kyuhosan formation ............-008+ 240, 242 
Tiytishtlieecsstecs saccnsesenesssrccvcemrenvsmmenesses 1 
TTONMASECI Cl tevacsrontncnse tacts racine 177 
lAtCYItIZablON sicwevecossccercooeccuceteassonastae 252 
lattice ANAIVSIS..:.....6.-0+scessasseeeres 209, 262 
LAUT ON Cia wsstie te seecacaepewsesceowscessnssincnes 254 
Liia0-Gaima ZONE .........seceseccereeseceeree 2 
TARO IV EN) seesestcstesesescecescseveosenssemssti 1 
Liao tectonic line .........+.0-.0++ 167, 175, 2 
TiAOEUNG® s.csceeceeescoetsoescessececcenntosensense 2 
Liutang Series ......-.scscseesseseenseceeeeeees 1 
Lobatannularia NaMrpoensis ......++e+++++ 222. 
Leogan’s lime ........sssecccssresececeeseonseres 259 
Lojaping Series ......-seeceseseeeseeseereeeeeres 167 
Lycoptera-Asiatopsis fauna ..... 2 
Maden deltam sasstecticeacsteanasesscern ss 216; 12 
Maden pass...........sssecsecccrsncecceescorneces 213. 
Makkol limestone ......:::ssecereeeeess ae See 
Maktido., caccsasyccvect case psccasescnussesucamne L 
Mammo Qroup ..sccsseccseceereeeeseonsereeses 177 
Manchidomettesscesesnssyeseicaseaeess'sosunnessnssine 10: 
Manchur cers .....cecercsssesenccssonsensences 161 
Manchurichthys ...cscccrcscsereersereneeenes z 
Maping series........sscccessereeees egteeiekes 189 
Masaji .....ssseserseececeneseseeecereneseces 2138, 10 
Masari (Machari) formation .........-.. Aer 
Masari thrust.........sccsceceseseees 208, 224, 9 
TMASSIL eestor coscctesctesecsececewoopmnnasnessoatas 254 
Matenrei SyStem ...-.seceeeeeeeeeereeesesnnces 220: 
Meekocervas limestone, Talo ......+-.++++++ 168. 
Meisen graben ......:sesseeseeeeseeseeseeseenes 1 
Melson Series «:s,..s0c29-0% eheeresanenie aes 172 
Mentoukou coal-bearing ....-.:..ssecsereeees 163, 
METAOLOLENY .seeseesecaeeeereescerseneesnanerces 255, 
Microkraton.........ssssereeceseenseessosseeeeres 256 
MicroparageOsyNCline ....eesserseerereeseeees 256. 
Middle Palaeozoic hiatus.......ssesesseeeeee 157 
migration of geosyncline.......-++++++essr0+ 254 
Mikabu metamorphics .........sseseeseereeees 251 
Mine Series ......:cesesceerscrecreescenssecnser ees 5 
Mine floral group ..sccecseeseseeesesnnees 164, 2 
Mintonsan thrust .......cscsereesceseereereeres 205 
Misaki phase.....sseccsesessecsessessererees 261, 1 
Molasse.....ccsccsecresencesseescascessesscsecceeces 255 
Mongolian geosyncline ......+.0+++ 163, 177 
Mongolian granite batholith.........+.. PAE, 
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Mongugai SCries .........sseseeeseseeres 164, 169 
Motoyama metamorphic zone ......... 250, 2 
Moukden elevation zone .........+.. 160, 1, 2 
Muanrcomplextersn:..s-0sc-0sssorngeescesssy 238, 4 
Munshusam Series -r...4...5-..+000s00sseneoses 223 
Murawiow-Amurski peninsula ............ 169 
MYO phor td, .....ccreccerscrssccnrccersceecconconss 169 
Nagato anticline .............0.-s0.+s++ 235, 251 
Nagatoro metamorphic group .........+.. 251 
Nagatoro ZONE .........ss0rcssccssscnescosenres 251 
INDISANAeH tal lUarcestowanesmacearssscenceesecs I 
Nakamura geosyncline .......sesceceeseeees 165 
Nakamura STOUP! ......02.s+ssosesessencesesnss 172 
INGIOINUT ANGI -20.00-0000soncesescorerresreeces 235 
INaktoneis floralncs.c acs «csesses secre cecnnesnsene 231 
Naktong series.............s0sce0es IGS eee 
INananiimplantmoedasccresccssn:cacesessasteder 232 
INANGAIPIOCATUSE oretnsooccceensseeseeesackre 224, 9 
INANCCINI. cesctcccccsccsascecascescaceuscense sewers 10 
INATI Wau SCLIGS tercscusdesccecuccossssenswseans oss 169 
IN@IetSU v.u.tscesvensaneseess DOO 10, oO mer, 
Neietsu anticlinorium...195,206,244,263, 6, Z 
Neietsu coal-field ...............ssssesseeeseoee 208 
INGICTSU SYNCIINGH este. .cc-cnsceretascoesesoacces i 
Neietsu type sequence ............+.0+0 184, 4 
INGIKAINAKER = coc scaccuscccotenseccseceses 201,—4, 6 
INeikai-Blusanslin@i:.c+.cccss.2scerpseccesecsees 253 
INGEN REVO UMDUNTUSG: cr sscsascscsseccaess arene 6 
INCOSCHWOGETUNG, sccccoscescsssecee scenes suche 168 
Nevadian disturbance ............sesceeeeeee 250 
NIKan SARKOSes rtisiens.coper soteeekenceemeessae 170 
INIKANYGEPIES Vo.sstostonseCtvcccsssuatdesusnueetas 164 
INikean,) COM divislOn) ss.eccctececrsscrcsaseceees 170 
Nikan, tuffaceous ........... excorsiecasttoset 170 
North Manchurian highland ............... 1 
OOaTOFOP EN: cnccescstrenscuretneccotonan: 165, 233 
CNY O (GEANILIC TASS ..<.zcne0ssvssactesesoee 229, 1 
ORCS eceseetecccher tts. cece carrrcsereme or ttcates 20 
ORIPISIANAS cess ccscucacor-censsemrarcntree eee 176 
OLENOLAESeZONG “.accorsensencoccecstnseceascouss 260 
OU US erase ceticcseisccureccrenc teers 261 
Omiichidanindivision .ccrceceivescscusanestectes 170 
OROMIZALION eansrstersccceseorenees 177, 258, 269 
OVENIS*SANASUONO me. .cs cree trevccotercces haste 167 
OPTLHOSCOSVAClING wencencccesnen ee eee Rte anes 254 
OryorRo CY ala), river s......ccsseecasenecees 1 
DOSEICHN vassvientaustaticees ect 1o 
OSHA OY ORENY. scnncassnrostertecceMnareceeth 165 
Otguiitseriag: es .c.cseserttscceeere ete 5 


Oyashima disturbance............+.+++- 177, 178 
Oyashima folded zones .........++++s0++ Par ee, 
Oyashima granite .........:seecerseeeersereeees 8 
Ozarkian problem ..........scsssceseeseeereeres 145 
Palaeo-Chogenicaicvswe+n.siquseenasanacgaenaseeces 154 
PANACOPNATUS — ssesrsceereerserrsccercereererer 168 
PALAGEOSYNCLINE .........eeecserescnereereereees 254 
Bek inovte. cecns.tcsceeatos ses -nasspeneusceneesenue 1 
Peipiao coal-bearing .........-sessessseeereeres 163 
Pench seriegs.setetnsces-cenessvossocsmeesars 189, 1 
Peri-Korean volcanic chain......176, 271, 2 
Peri-Tunghai ZOne ........esceesereeres 146, 176 
Peri-Tunghai disturbance ............... 181, 3 
Phyllite tormations......2..0.s.cssesasne>aanar 238 
ply llocarid eer ...s-cs21--0.sapseecseessesc el oraene 189 
Dl aAbeAtMDASAlCsrscec assess seco cone aaee hanna 271 
PI CGLGUILIO wonan san asiase0+s > vesscssocsesasnmauasece 232 
WUOMASIMNAUNE! ZONCs.1a0.<00caanenconsensrorscins 167 
molyaxial 1OldiING ©... <csecme ace ventesnen com 254 
POSIEE SETICS: cesses anchassacasccserm=ansemeecent 1972 
post-Inkstone folding .............:seseceeeee 251 
post-Taiho granitization .............cecseee. 258 
pre-Usuginu-Chaotsuo phase ............+5. 1 
DYOLOLENY, yasaccnTesanace sows cnacmyseatoneeeess 255 
IPSCUGOKIUD PCN, Teeaccasnocwasusnssorsescesutensey 227 
OUGSUCLOEON sroancsncveeseasscctcessseunec nena 256 
QUCENnStONeG Celta <cvscesceccousecesocomenstoens 258 
Radrolarian=rocks nccs..snesessscoasnerereians 264 
RalsurOaN\ COMPILER sew aees <--secascaaesenseataces 220 
Ralatto  FOTMACIONad.cccssacercesceereeee 232, 18 
RAK UtOK Os te scscn cece coeceeccacenessasnoarcc cee 249 
Rampo faulted area.........2-...00s.9ss..s6 Ay 1S 
Meal OPPOSITION —..c.cs.n ssesbetveoscacs<aeseae 256 
regional metamorphism ...............s0ee08 207 
Reinan Wand ccccesccanscesee 145, 159, 181, 4 
Reiseik0 basalt. crss.ersssc.cunecaocoenenae 223, 4 
GREISONU I gaccuttias sacatns case rnasteerdecauvaoemntes 8 
IRGTCO, DIANE icccceatces cers css sea ceacanesaene 183, 246 
IRENK WaSaMUvoscecuveicass cov socsoacnvenenarerinents il 
Renpotel thrusts v.rates <cessccseceteoe cane ueee 208 
Rensen metamorphic system ......... TOC eS 
IRD ACCUCON Mt cae cape swe ase sveneuseaneererneeeee ess 259 
Rhein avalley> scsscecevessoswaxsacaatecsoseruceure 269 
Ribokuri granitic mass ......... 206, 229, 1 
Rishu group of planes..............0665 248, 20 
IRishUe plane anescecwssnesscvanecns 183, 246, 19 
RIGSUTEN I tAUL bhe.ccoennmassaccctts coeteeener sees 9 
Riukiumancuas.cckecsee: spwisia dansalaatseNe ete 248, 32 


RODOMUSE acs. catresecccorscs uence 230, 9, I 
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TOCKSCELMACCNE rns covccucesczcconeeesarivessacen 249 
Roppyakusan peneplane...146,173,183 ;246, [7 
TV OUOMLITFU Sie sevscenasasaaseesscascscsecssateast 203 
| Feira eb Gl eta all spepeeeooeneontigdodcooncteocenncoacseds I 
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Geology of South Korea 


Plate I 


Showing the important stratigraphic and tectonic relations of the formations 


T. KoBAYASHI: Geology of South Korea 


Explanation of Plate I 


Figure 1. Isoclinal foldings of the upper part of the Chosen system and the 
Koten series in the east of Sanyokai, north of Gyokudo, Katomen, Neietsu- 
gun, Kogendo. 

Figure 2. The Kosuin tectonic line along which the great limestone formation 
of the Chosen group thrusts itself onto the Daido series. 1. Choshado and 
Chogan on the Kanko river in the NNE of Neietsu. 

Figure 3. Strong intraformational folding of the great limestone formation, 
in fluidal aspect below the simply monoclinal basal conglomerate of the 
the Bansho series on the large cliff at Shori, about 3km. to the east of 
Neietsu. 

Figure 4. Para-unconformity between the Koten series above and the Tsuibon 
limestone below, exposed on the bank of the Rakuroko, at a point adjacently 
north of Kotenri, Jochomen, Sanchokugun, Kogendo. 

Figure 5. Another exposure of the same para-unconformable relation as the 
preceding seen at Bekkudo near Keizanson, Jochomen, Sanchoku-gun, Ko- 
gendo. 

Figure 6. Conglomerate and conglomeratic sandstone of the Koten series at 
Yoho, 10km. due north of Neietsu. 
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Plate II. 
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Explanation of Plate II 


Roppyakusan plane near Roppyakusan 


Jour. Fac. Sci., Univ. Tokyo, Sect. II, Vol. VIII, Pt. 4, Pl. IL. 
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Geological Map of Seizen,Heisho, Neietsu 


Geological Map (1) 
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